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they were not intended for the preſs, but far 
my private amuſement, becauſe they contained” the 
principal matters fat. I bad either read, ſcen, or, 
experienced; or indeed what accorded to my inclina- 
tion upon. theſe ſubjetzes I laboured daily to inertaſe 
my little lore; and, having an extenſive app, 
J carefully proved every experiment before 1 gave it 
a place in my repoſitory. 1 have alſo tried a variety 
of other experiments from Smith, Barrow, Salmon, 
Sc. Sc. without the deſired ſucceſs; which was one 
Principal motive for the preſent publication, as it ts 
my wiſh that my labours may prove uſeful to thoſe 
whoſe ingenuity may lead them to practiſe and im- 
prove upon my experience. — I have given, without 
reſerve, the beſt deſcriptions I could collect of every 
thing ] have treated; and I can affirm, that every 
page in the book contains matter of real value when 


applied to practice. 
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Numerous are the authors who have written upon 
the miſcellaneous part of theſe ſubjecis; but few of 
them have proved by actual experiment what they 
have aſſerted ; and indeed this is not to be wondered 
at, when it is known that experiments are attended 
with much expence. And although I kave uſed my 
beſt end:avours, yet I will not aſſert but that better 
methods, in ſeveral things, may be diſcovered : ne- 


vertheleſs, the reader may rely that the facts I have 


nn will bear the 4 85 of any enquiry. 


The parti cular n of ſcience which 7 have 
endeavoured to explain, are thoſe of the Mechanical 
Powers, Electriciiy, Pneumatics, Hydroſftatics aud 
Hydraulics, Optics, and Afronomy; a treatiſe on 
Clock-making, the nature, uſe, and conflruftion of the 
Barometer, and the conſtruction of optical and many 


philoſophical inſtruments ; all which, I flatter myſelf, 


the fludents will find to be exaft, whether they are 


conſulted with a view to theory or praftice. 


A knowledge of the mechanic powers is now become 


a part of polite education; and their utility is mani- 
feſted by daily experience; therefore ſuch definitions, 
poſtulates, and axioms, are premiſed as were thought 


neceſſary to form -@ right conception of the principles, 


fo as to form" a juſt idea of their application on any 
particular occaſion; and as my reaſoning on theſe 
ſubjects has been general, ſo no regard has been paid 


to the weight of the beam or lever, it being well 
known 
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known that theſe _ be Wann "ns mn theo - 
rems can be FA TY 1 820 


ity books ** bees ran * . ee 5 


of the Arts and Saiences, that any per ſan. would ima- 
gine that more would be ſuperfluous, » Books, how- 
ever, which have been written by authors of credit, 
are very expenſive and very voluminous; and it 
would take too much time to read over and attain a 
thorough knowledge of the dofrine they contain. In 
the preſent ger farmance every thing is rendered fami- 
liar to the meaneſt capacity; and with a little prac- : 
tice and perſeverance, the moſt illiterate artizou'can- 
not fail of making a conſiderable progreſs in almoſt 
every art and ſcience it treats of ; befides, every arti- 
cer cannot furniſh bimſelf eafily with the. befl authors 
upon all the ſubjetis contained in this Wark ; the ex- 
pence of tobich aud waſte of lime, would he 100 con- 
ſiderable. 1 have inſerted not only known uſeful 
rules upon the ſubjefts I have noticed, but a great 
many others that are entirely nem, and of very great 
uſe, both in theory and ee to the e 


mechanic. 


I pretend not to communicate my ideas with the 
embelliſhments of elegant language; my employment 
as a mechanic pleading. an excuſe for errors or iuae · 
curacies in Ibis refpect ; but 1 have endeavoured to 
be plain, exact, and intelligible, and my neaning will 

2 ; nor 
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vin PREFACE. 
not be-miſunderflood'by thoſe th puy comprient” at- 


\ 


tention-10: "_ | nee er e 


In * Me Naa e hiv Abe 


many 'feeret ur diſcovered thun ure worthy bf ur. 


tion ; «great number vf whith were nrbei before 
-publiſhed: Some apology" may be thought Weceſſary 
fon dioulxing' them ; but as\1 obtained my knotoltdge 
chiefly'by my own induſtry and unweatied application, 
haue a right'tovcommunicars i for the "benefit of 
young experimenters, lill ibey can procure better 4, 
Aſtance, or b enabled to ftrite out better methods of 


im prouemenſ by their on experience. At a future 
period I imei to publiſh audt her Volume, ah un Ap- 
-pendig to this wherein ſhall. lay down every culru- 
lation indifferent mill-works, warer-works, ſteum- 


engines, o.*topether with'a variety of uſeful rules 
for the working mechanic; to uuibirh I ſhall Pe 


. 6 Artitles... ' 


Gs 
* 


+ The moſt . 5 in arts and ei- 
ences which have appeared of late years, are, 1.\Meft. 
Watts and Bolton's Steam-Engine ; @ brief deſcrip- 
tion of which I have given in the following Treatiſe : 


2. The Rev. Mr. Cooke's Drill Plough *; 4 al- 
though I have not admilied an account of it in this 
— N cannot help hg mon it, 


| * See Deſcription i in his Drill An d perfected, price 18; 


Publiſhed by Mr. Murray; alſo, Young's Memoifs of Agri- 


culture, &c. 
that 
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hat it is an aſſemblage of the mechanit potvers fimply 
[iſpoſed to great advantage, ſo as to afſift that im- 
dortant deſign of the inventor, the improvement of 
poriculture, in the beſt. manner yet attempted: 3. A 
Teleſcope : which is the moſt noble inſtrument of the 
bind ever confirufted, and which diſplays Dr. Her- 


chell's optical and aftronomical abilities. beyond all f 
bis colemporaries. 


Before I conclude, Jau acknowledge my es 
tions to Mr. James Wodd, oppoſite the Sunday Toll. 
Bar, Kent-fireet Road, Southwark, late Collector for © 
he London Bridge Water-Works; whoſe extenſive" © 
enowledge, both in theory and practice, of every 
ſcience, is greater than is generally to be met with + 
united in one perſon ; and to him I would recommend 
thoſe gentlemen who are in want of curious models in 
every branch of experimental philoſophy. 
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MECHANICS 


DEFINITIONS, 


ECHANICS is a ſcience which treats of the 

1 forces, motions, velocities, and in general, of 

the actions of bodies upon one another; it teaches how 

to move any given weight with any given power; how 

to contrive engines to raiſe great — or to perform 
259 kind of motion. 


2. Body, is the maſs or quantity of matter; an elaſ- 
tic body is that which yields to a ſtroke, and recovers 
its figure again; otherwiſe, it is called an * 
body. 


3. Denſity, is the proportion of the quantity of mat- 
ter in any body to the quantity of matter in another 
body of the ſame dimenſions, 

4. Force, is a power exerted on a body to move it; 
if it act inftantaneouſly, it is called percuſſion, or im- 
pulſe ; if conſtantly, it is an accelerative force. 


5. Velocity, is a property of motion, by which a body 
paſſes over a certain ſpace in a certain time; and is 
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greater or leſs, as it paſſes over a greater or leſs ſpace in 
a certain time : ſuppoſe a ſecond, 


6. Motion, is a continual and ſucceſſive change of 
place. If the body moves equally, it is called equable 
or uniform motion; if it increaſes or decreaſes, it is 
called accelerated or retarded motion; when it is com- 
pared with a body at reſt, it is called abſolute motion 


but when compared with a body in motion, it is called 


relative motion, 


7. Direction of motion, is the courſe or way tho 
body tends, or the line it moves in. 


8. Quantity of motion, is the motion a body has, 
conſidered both in regard to its velocity and quantity 
of matter, This 1s called the momentum of a body. 


9. Vis inertiæ, is the innate force of matter, by which 
it reſiſts any change, ftriving to preſerve its preſent ſtate 
of reſt or motion, 


10. Gele is that force wherewith a body endea- 
vours to fall downwards; it is called abſolute gravity 
in empty ſpace; and relative gravity when immerſed in 
a fluid, 


11. Specific Gravity, is the greater or leſs weight of 
bodies of the ſame magnitude, or the proportion be- 
tween their weights, This proceeds from the natural 
denſity of bodies, 


12, Center of gravity, is a certain point of a body 
upon which the body, wheg g ended, will reſt in any 
poſition. BS 


13. Center 
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13. Center of motion, is a fixed point, round about 
which a body moves; and the axis of motion 1s a fixed 
line it moves about. 


14. Power and weight, when oppoſed to one another, 
fignify the body that moves another, and the other 
which is moved; the body which begins and communi- 
cates motion is the power; and that which receives the 
motion is the weight. | 


15. Equilibrium, is the balance of two or more for- 
ces, ſo as to remain at reſt, 


16. Machine or engine, is any inſtrument to move 
bodies; made of levers, wheels, pullies, &c. 


17. Mechanic powers, are the lever, wheel, pulley, 
ſcrew, wedge, and the inclined plane, 


18, Streſs, is the effect any force has to break a 
beam, or any other body; and the ſtrength is the re- 
ſiſtance it is able to make againſt any ſtraining force. 


19. Friction, 1s the reſiſtance which a machine ſuf- 
fers, by the parts rubbing againſt one another. 


POSTULAT A, 


1. That a ſmall part of the ſurface of the earth may 
be looked upon as a plane; for though the earth be 
round, yet ſuch a ſmall part of it as we have any occa- 
ſion to conſider, does not ſenſibly differ from a plane. 


B 2 2, That 
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2. That heavy bodies deſcend in lines parallel to one 
another ; for though they all tend to a point, which is 
the center of the earth, yet that center is at ſuch a diſ- 
tance, that theſe lines differ inſenſibly from parallel 
lines, 


3. The ſame body is the ſame weight in all places 
on or near the earth's ſurface; for the difference is not 
ſenſible in the ſeveral places we can go to. 


4. Though all matter is rough, and all engines im- 
perfect; yet, for the eaſe of calculation, we muſt ſup- 
poſe all planes perfectly even; all bodies perfectly 
ſmooth ; and all bodies and machines to move without 
friction or reſiſtance ; all lines ſtraight and inflexible, 

y without weight or thickneſs ; cords extremely pliable, 
and ſo on. 


AXIOMS, 


I, Every body endeavours to remain in its preſent 
ſtate, whether it be at reſt, or moving uniformly in a 
right line, 


2. The alteration of motion by any external force, is 
always proportionable to that force, and in direction of 
the right line in which the force acts. 


3. Action and re- action between any two bodies, 
are equal and contrary. 


4. The motion of any body is made up of the ſum of 
the motions of all the parts, 


5. The 


f 
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5. The weights of all bodies in the ſame place, are 
proportional to the quantities of matter they contain, 
without any regard to their figure, 


6. The vis inertiæ of any ym is * to 
the quantity of matter. 


7. Every- body will deſcend to the loweſt place it 
can get to. N wage 


8. Whatever ſuſtains a heavy body, bears all the 
weight of it, 


9. Two equal forces acting againſt one another in 
contrary directions, deſtroy one another's effect; and 
unequal forces act only with the difference of them. 

10. When a body is kept in equilibrium, the con- 
trary force in any line of direction is equal. 


11. If a certain force generate any motion, an 


equal force acting in a contrary direction, will deſtroy 


as much motion in the ſame time. 


12. If a body be acted on by any power in a given 
direction, it is all one in what point of that line of di- 
rection the power is applied. 


13. If a body is drawn by a rope, all the parts of the 
rope are equally ſtretched; and the force in any part 
ads in direction of that part; and it is the ſame thing 
whether che rope is drawn out at length, or goes over 
ſeveral pullies. 


4 | 14. If 
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14. If ſeveral forces at one end of a lever act againſt 
ſeveral forces at the other end, the lever acts, and is 
acted on, in direction of its length. 


Of the Mechanical Powers, - 


OW, if we conſider bodies in motion, and compare 
them together, we may do this either with reſpect 
to the quantities of matter they contain, or the veloci< 
ties with which they are moved ; for the heavier any 
body is, the greater is the power required either to move 
or ſtop its motion: and again, the ſwifter it moves, the 
greater is its force: ſo that the whole force of a mov- 
ing body is the reſult of its quantity of matter multi- 
plied by the velocity with which it is moved: and 
when the product ariſing from the multiplication of 
the particular quantities of matter in any two bodies, 
by their reſpective velocities, are equal, the entire forces 
are ſo too. Thus, ſuppoſe a body, which we call A, 
to weigh 40 pounds, and to move at the rate of two 
miles in a minute; and another body, which we call B, 
to weigh only 4 pounds, and to move 20 miles in a 
minute; the entire forces with which theſe two bodies 
would ſtrike againſt any obſtacle would be equal to 
each other, and therefore it would require equal powers 
to ſtop them: for 40 multiplied by 2 gives do, the force 
of the body A; and 20 multiplied by 4 gives 80, the 
force of the body B. Upon this eaſy principle depends 
the whole of mechanics: and it holds univerſally true, 
that when two bodies are ſuſpended on any machine, 


ſo as to act contrary to each other; if the machine be 
put 
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put into motion, and the perpendicular aſcent of one 
body multiplied into its weight, be equal to the perpen- 
dicular deſcent of the other body multiplied into its 
weight, thoſe bodies, how unequal ſoever in their 
weights, will balance one another in all ſituations 2 for, 


as the whole aſcent of one is performed in the ſame time 


with the whole deſcent of the other, their reſpective velo- 
cities muſt be directly as the ſpaces they move through; 
and the exceſs of weight in one body is compenſated 
by the exceſs of velocity in the other. Upon this 
principle, it is eaſy to compute the power of any me- 
chanical engine, whether ſimple or compound; for it 
is but only finding how much ſwifter the power moves 
than the weight does (i. e. how much farther in the 
ſame time); and juſt ſo much is the power increaſed 
by the help of the engine, 


In the theory of this ſcience we ſuppoſe all planes 
perfectly even, all bodies perfectly ſmooth, levers to 
have no weight, cords to be extremely pliable, machines 
to have no friction; and, in ſhort, all imperfections 
muſt be ſet afide until the theory be eſtabliſhed; and 
then, proper allowances are to be made, 


The ſimple machines, uſually called mechanical 
powers, are fix in number, viz. the lever, the wheel 
and axle, the pulley, the inclined plane, the wedge, and 
the ſcrew, They are called mechanical powers, becauſe 
they help us mechanically to raiſe weights, move heavy 
bodies, and overcome refiſtances, which we could not 
effect without them. | 


1. A lever is a bar of iron or wood, one part of which 
being ſupported by a prop, all the other parts turn upon 
that prop as their center of motion: and the velocity of 

every 
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every part or point is directly as its diſtance from the 
prop. Therefore, when the weight to be raiſed at one 
end is to the power applied to the other to raiſe it; as 
the diſtance of the power from the prop is to the diſ- 
tance of the weight from the prop, the power and weight 
will exactly balance or counterpoiſe each other: and 
as a common lever has nearly no friction on its prop, a 
very little additional power will be ſufficient to raiſe 
the weight, 


There are four kinds of levers. 1. The common ſort 
when the prop is placed between the weight and power; 
but much nearer to the weight than to the power. 
2, When the prop 1s at one end of the leyer, the power 
at the other, and the weight between them. 3. When 
the prop is at one end, the weight at the other, and the 
power applied between them, 4. The bended lever, 
which differs only in form from the firſt ſort, but not 
in property. Thoſe of the firſt and ſecond kind are 
often uſed in mechanical engines; but there are few 
inſtances in which the third ſort is uſed, 


The balance is a ſtraight inflexible rod or beam, turn- 
10g round a fixed point or axle in the middle of it, to 
be loaded at each end with weights ſuſpended there: it 
is by ſome reckoned a lever of the firſt kind ; but as both 
ends are ſet at equal diſtances from its center of motion, 
they move with equal velocities; and therefore, as it 
gives no mechanical advantage, it cannot properly be 
reckoned among the mechanical powers. 


Loet CD be a beam or lever, E the middle point or 
center of motion; A B the weights, hanging at the ends 


C D; then let the beam and the weights, or the whole 


machine, 
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machine, be ſuſpended at E; and ſuppoſe the beam and 
the weights be turned upon the center E, then the 
points C D being equidiſtant from E, will deſcribe 


equal arches, and therefore their velocities will be 


equal; and if the bodies A and B be equal, then the 
motion of A will be equal to the motion of B, as the 


quantities of matter and velocities are equal; and con- 


ſequently, if the beam and weights. are ſet at reſt, nei- 
ther of them can move the other, but they will remain 


in equilibrium, If one weight be greater than the other, 


that weight and ſcale will deſcend and raiſe the other, 


Now, the uſe of the balance, or a common pair of 
ſcales, 18 to compare the weights of different bodies; 
for any body, whoſe weight 1s required, put into one 
ſcale, and balanced by known weights put into the other 
ſcale, theſe weights will ſhew the weight of the body. 


To have a pair of ſcales perfect, they muſt have theſe 
properties: 1, The points of ſuſpenſion of the ſales, and 
the center of motion of the beam C, E, D, muſt be in a 
right line. 2. The arms CE, D E, muſt be of equal 
length from the center. 3. That the center of gravity 
be in the center of the motion E. 4. That there be as 
little friction as poſſible. 5. That they be in equili- 
brium when empty, 40 


If the center of gravity of the beam be above the 
center of motion, and the ſcales be in equilibrium ; if 
fhey be put a little out of that poſition, by putting 
down one end of the beam, that end will continually 
deſcend until it be ſtopt at the handle H; for by that 
motion, the center of gravity is continually deſcending, 
according to the nature of it; but if the center of 
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gravity of the beam be below the center of rthotion; 

if one end of the beam be. put down a little, to deſtroy 

the equilibrium, it will return back and vibrate up and 

down; for by the motion the center of gravity. is en- 
dea vouring to deſcend, | 


To diſcover . falſe balance, make the weights in the 


Scales whe- two ſcales to be in equilibrium; then change the weights 


to the contrary ſcales, and if they be not in equilibri- | 
um, the balance 1s falſe, 


Hence alſo to prove a pair of good ſcales, they muft 
be in equilibrium when empty, and likewiſe in equili- 
brium with the two weights. Then, if the two weights 
be changed to the contrary ſcales, the equilibrium will 
ſtill remain, if che ſcales are good. 


A lever of the firſt kind is repreſented by the bar 
A BC, ſupported by the prop D. Its principal uſe is to 
looſen large ſtones in the ground, or to raiſe. great 
weights to ſmall heights, in order to have ropes put un- 
der them for raiſing them higher by other machines, 
The parts A B and B C on different ſides. of the prop 
D, are called the arms of the lever: the end A of: the 
ſhorter arm A B being applied to the weight intended to 
be raiſed, or to the reſiſtance to be overcome; and the 
power applied to the end C of the longer arm BC. 


In making experiments with this machine, the ſhorter 
arm A C muſt be as much thicker than the longer arm 
B B, as will be ſufficient to balance it on the prop D. 
This ſuppoſed, let P repreſent a power whoſe gravity * 
is equal to 1 ounce, and Wa weight, whoſe gravity is 

| equal 


1 
33 


USEFUL KNOWLEDGE, 


equal to 12 ounces. Now if the power be twelve times 
as far from the prop as the weight is, they will exactly 
counterpoiſe ; and a ſmall addition to the power P will 
cauſe it to deſcend, and raiſe-the weight.W ; and the 
velocity with which the power deſcends will be to the 
velocity with which the weight riſes, as 12 to 1; that 

is, directly as their diſtances from the prop, and, con- 
ſequently, as the ſpaces through which they move. 
Hence it is plain, that a man who, by his natural 
ſtrength, without the help of any machine, could ſup- 
port an hundred weight, will by the help of this lever 
be enabled to ſupport twelve hundred. If the weight 
be leſs, or the power greater, the prop may be placed ſo 
much farther from the weight; and then ĩt can be raiſ- 
ed to a proportionable greater height. For, univerſally, 
if the intenſity of the weight multiplied into its diſtance 
from the prop, be equal to the intenſity of the powet 


multiplied into its diſtance from the prop, the power 


and weight will exactly balance each other; and a little 
addition to the power will raiſe the weight, Thus, in 
the preſent inſtance, the weight W 1s 12 ounces, and its 
diſtance from the prop is 1 inch ; and 12 multiplied by 
1 is 12; the power P is equal to 1 ounce, and its diſ- 
tance from the prop is 12 inches, which multiplied by 
1is 12 again; and therefore there is au equilibrium be- 


11 
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tween them. So, if a power equal to 2 ounces be ap- 


plied at the diſtance of 6 inches from the prop, it will 
juſt balance the weight W; for 6 multiplicd by 2 is 12, 
as before; and a power equal to 3 ounces placed at 4 
inches diſtant from the prop would be the ſame ; for 3 
times 4 is 123 and ſo on, in proportion. To this kind 
of lever may be reduced ſeveral ſorts of inftruments, 
ſuch as ſciſſars, pincers, ſnuffers, &c. which are made 
of two levers acting contrary to one another: their 
prop or center of motion being the pin which keeps 
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them together. In common practice, the longer end of 
this lever greatly exceeds the weight of the ſhorter : 
which gains great advantage, hecauſe it adds fo much 
to the power, | 


The ſtatera, or Roman ſteelyard, is a lever of this 
kind, and is uſed for finding the weights of different 
bodies by one ſingle weight placed at different diſtances 
from the prop or center of motion D. For, if a weight 
hangs at A, the extremity of the ſhorter arm D G is 
of ſuch a weight as will exactly counterpoiſe the longer 
arm D X; if this arm be divided into as many equal 
parts as it will contain, each equal to O D, the fingle 
weight P (which we may ſuppoſe to be 1 pound) will 
ſerve for weighing any thing as heavy as itſelf, or as 
many times heavier as there are diviſions in the arm 
D KX, or any quantity between its own weight and that 
quantity. As for example: If P be 1 pound, and placed 
at the firſt diviſion 1 in the arm D X, it will balance 1 
pound in the ſcale at W; if it be removed to the ſecond 
diviſion at 2, it will balance 2 pounds in the ſcale ; if to 
the third, 3 pounds; and ſo on to the end of the arm 
DK. If each of theſe integral diviſions be ſubdivided 
into as many equal parts as a pound contains ounces, 
and the weight P be placed at any of theſe ſubdivi- 
ſions, ſo as to counterpoiſe what is in the ſcale, the 
pounds and odd ounces therein will by that means be 
aſcertained, | 


A lever of the ſecond kind has the weight between 
the prop and the power, In this, as well as the former, 
the advantage gained is as the diſtance of the power 
from the prop to the diſtance of the weight from the 
prop: for the reſpective velocities of the power and 
weights are in that proportion; and they will balance 

each 
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each other when the intenſity of the power, multiplied 
by its diſtance from the prop, is equal to the intenũty 
of the weight multiplied by its diſtance from the prop. 
Thus, if A B be a lever on which the weiglit Wof 6 
ounces hangs at the diſtance of 1 inch from the prop G, 
and a power P, equal to the weight of 1 ounec hang at 
the end B, 6 inches from the prop; by the cord CD 
going over the ſixed pulley E, the power will juſt ſup- 
port the weight: and a ſmall addition to the power will 
raiſe the weight 1 inch for every 6 inches that the 
power deſcends. This lever ſhews the reaſon why two 
men carrying a burden upon a ſtick between them, bear 
unequal ſhares of the burden in the inverſe proportion 
of their diſtances from it. For it is well known, that 
the nearer either of them is to the burden, the greater 
ſhare he bears of it: and if he goes directly under it, 
he bears the whole. So if one man be at G, and the 
other at B, having the pole or ſtick A B reſting on their 
ſhoulders; if the burden or weight W be placed five 
times as near the man at Gas it is to the man at B, the 
former will bear five times as much weight as the latter. 


This is likewiſe e to the caſe of two horſes 
of unequal ſtrength to be ſo yoked, as that each horſe of the ſe. 
| 7 cond k ind 
may draw a part proportionable to his ſtrength; which of lever. 
1s done by ſo dividing the beam they pull, that the point 
of traction may be as much nearer to the ſtronger horſe 
than to the weaker, as the ſtrength of the former exceeds 


that of the latter. 


To this kind of lever may be reduced oars, rudders of 


ſhips, doors turning upon hinges, cutting-knives which 
are fixed at the point, &c. 


If in this lever we ſuppoſe the power and weight to The third 
: kind of les 
change Ver. 
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change places, ſo that the power may be between the 
weight and the prop, it will become a lever of the third 
kind ;-in which, that there may be a balance between 
the power and the weight, the intenſity of the power 
muſt exceed the intenſity of the weight juſt as much as 
the diftance of the weight from the prop exceeds the diſ- 
tance of the power, Thus, let E be the prop of the 
lever A B, and Wa weight of 1 pound, placed 3 times 
as far from the prop as the power P acts at F, by the cord 
C going over the fixed pulley D: in this caſe, the 
power muſt be cqual to 3 pounds, in order to ſupport 
the weight of 1 pound. 


To this ſort of lever are generally referred the bones 
of a man's arm; for when he lifts a weight by the 
hand, the muſcle that exerts its force to raiſe that 
weight, 1s fixed to the bone about one tenth part as far 
below the elbow as the hand is. And the elbow being 
the center round which the lower part of the arm turns, 
the muſcle muſt therefore exert a force ten times as 
great as the weight that 1s raiſed, 


As this kind of lever is a diſadvantage to the moving 
power, it is uſed as little as poſſible; but in ſome caſes 
it cannot be avoided ; ſuch as that of a ladder, which, 
being fixed at one end, 1s by the ſtrength of a man's 
arms reared againſt a wall. 


And in clock-work, where all the wheels may be 
reckoned levers of this kind, becauſe the power that 
moves every wheel, except the firſt, acts upon It near 
the center of motion by means of a ſmall pinion; and 
the reſiſtance it has to overcome, acts againſt the teeth 
round its circumference, 


The fourth kind of lever differs nothing from the firſt 


but in being bended for the ſake of conyenience, ACB 
1s 
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is a lever of this ſort, bended at C, which is its prop or 
center of motion. P is a power acting upon the longer 
arm A C at F, by the means of the cord. D E going 
over the pulley G; and W is a weight or reſiſtance 
acting upon the end B of the ſhorter arm CB. If the 
power is to the weight as CB is to CF, they are in 
equilibrium. Thus: Suppoſe W to be 5 pounds acting 
at the diſtance of one foot from the center of motion C, 
and P to be 1 pound acting at F, five feet from the cen- 
ter C, the power and weight will juſt balance each other. 
A hammer drawing a nail is a lever of this ſort. 


2. The ſecond mechanical power is the wheel and 
axle, in which the power is applied to the circumference 
of the wheel, and the weight is raiſed by a rope which 
coils about the axle as the wheel is turned round. Here 
it is plain, that the velocity of the power muſt be to the 
velocity of the weight as the circumference of the wheel 
is to the circumference of the axle: and conſequently, 


the power and weight will balance each other, when the 


intenſity of the power 1s to the intenſity of the weight 
as the circumference of the axle 1s to the circumference 


of the wheel. Let AB be a wheel, CD its axle, and 


ſuppoſe the circumference of the wheel to be 8 times as 
great as the circumference of the axle; then, a power 
P equal to 1 pound, hanging by the cord I, which goes 
round the wheel, will balance a weight W of 8 pounds 
hanging by the rope K, which goes round the axle. And 
as the friction on the pivots or gudgeons of the axle E F 
is but ſmall, a ſmall addition to the power will cauſe it 
to deſcend, and raiſe the weight; but the weight will 
rife with only an eighth part of the velocity wherewith 
the power deſcends, and conſequently, through no more 
than one eighth part of an equal ſpace in the fame 


time. If the wheel be pulled round by the handles 8, 8, 


the 
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the fer! will be increaſed in proportion to their 


2s. high a as * ee. pleaſes. 


To this fort of engine belong all cranes for raifing 


great weights; and in this caſe, the wheel may have 


cogs all round it inftead of handles, and a fmall lan- 
thorn or trundle may be made to work in the cogs, and 
be turned by a winch; which will make the power of 
the engine to exceed the power of the man who works 
it, as much as the number of revolutions of the winch 
exceeds thoſe of the axle C D, when multiplied by the 


exceſs of the length of the winch above the length of 


the ſemidiameter of the axle, added to the ſemidiameter. 
or half thickneſs of the rope K, by which the weight 
is drawn up. Thus: Suppoſe the diameter of the rope 
and axle taken together, to be 13 inches, and conſe- 
quently, half their diameter to be 6 inches; ſo that 
the weight W will hang at 6 F inches perpendicular 
1 from below the center of the axle. Now, let 
us ſuppoſe the wheel A B, which is fixed on the axle, 
to have 80 cogs, and to be turned by means of a winch 
6 inches long, fixed on the axle of a trundle of eight 
ſtaves or rounds, working in the cogs of the wheel; 
here it is plain, that the winch and trundle would make 
IO revolutions for one of the wheel A B, and its axis 
D, on which the rope K winds in raiſing the weight 
W; and the winch being no longer than the ſum of 
the ſemidiameters of the great axle and rope, the trun- 
dle could have no more power on the wheel than a 
man could have by pulling it round by the edge, 
becauſe the winch would have no greater velocity 
than the edge of the wheel has, which we here ſuppoſe 


to be ten times as great as the velocity of the riſing 
weight; ſo that, in this caſe, the power gained would be 


a8 


USEFUL KNOWLEDGE. 17 


is 10 to 1. But if the length of the winch be 13 inches, 
the power gained will be as 20 to 1: if 194 inches (which 
is long enough for any man to work by) the power gain- 
ed will be as 30 to 1; that is, a man could raiſe 30 times 
as much by ſuch an engine as he could do by his natural 
ſtrength without it, becauſe the velocity of the handle 
of the winch would be 30 times as great as the velocity 
or the riſing weight; the abſolute force of any engine 
being in proportion of the velocity of the power, to the 
velocity of the weight raiſed by it. But then, juſt as 
much power or advantage as is gained by the engine, ſo 
much time is loſt in working it; which is common in 
all mechanical caſes whatever, | 


Force of 
any engine 


In this ſort of machines it is requiſite to have a 


ratchet- wheel on the end of the axle C, with a catch to 
fall into its teeth; which will at any time ſupport the 
weight, and keep it from-deſcending, if the perſon who 
turns the handle ſhould, through inadvertency or care- 
leſſneſs, quit his hold while the weight is raiſing. Thus, 


by this means, the danger is prevented which might 


otherwiſe happen by the running down of the weight 
when left at liberty, 


The third mechanical power or engine conſiſts either 


of one moveable pulley, or a ſyſtem of pullies; ſome in 
a block orcaſe which is fixed, and others in a block which 


is moveable, and riſes with the weight, For though a 
ſingle pulley that only turns on its axis, and moves not 
out of its place, may ſerve to change the direction of the 
power, yet it can give no mechanical advantage there- 
to; but is only as the beam of a balance, whoſe arms 
are of equal length and weight. VO Ais a * pul- 
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ley, and if 1t ſupport the equal weights P and W, the 
cord BB towhich they are appended, is equally ſtretched 
throughout, and the pulley A ſuſtains both the weights; 
or is drawn with a force equal to twice P. It is proper- 
ly but another form of the balance.. 


ps A combination of three moveable pullies A, B, C, 

moveable connected by three diſtinct cords, each faſtened at one 

 pullics, end to an immoveable block above. The power of the 
whole is diſcovered by ſuppoſing two ſuch weights, P 
and W, ſuſpended as will keep the machine inequilibri- 
um, and then beginning with the leaſt weight or power 
P, and conſidering what force each ſeparate pulley ſuſ- 
tains, Thus, if P be one pound, the cord which ſuſtains 
it acts at its other end upon the fixed block above, and 
is conſequently re- acted upon by a force equal to one 
pound; and the pulley A, as in Fig, 8, is drawn with a 
force equal totwo pounds, 


By tracing the ſecond cord in the ſame manner, it will 
appear that the pulley B is drawn with twice the force 
of A, or four pounds; and C is drawn with twice the 
force of B, or 8 pounds, So that the purchaſe of this 
machine is ſuch, that the weight W has 8 times the 
power of P. | 


4 The velocity of the weight to that of the power 1s (in 
| Veloce 4 ſimilar way of arguing) thus: if P deſcend 8 inches, A 
2 pave will aſcend 4; B, 2; and C, or W, 1 inch; ſo that the 
velocities are reciprocally as the power and weight, 
Another combination of pallies, whereof two, A and 
Fig. 1c. B, run in the fixed block X; and two others, C and D, 


in a moveable block, which raiſe the weight W, by pul- 
ling 
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ling the cord at P, which goes ſucceſſively over the 
pullies A, D, B, C, and is faſtened to the fixed blocks, 
The purchaſe of this machine is known by conſidering 
that the cord is equally ſtretched throughout, by putting 
two ſuch weights, P and W, as will counterpoiſe each 
other: for P is ſuſtained by the fingle cord, and W ty 
four folds of the ſame, viz. by the parts o, s, u, k; ſo that 
if P be one pound, W will be four pounds. 

The velocity of the power is to that of the weight as 
four to one: for if P deſcend four inches, the parts 
of the cord at k will aſcend towards e four inches, and 
all the other parts of the cord, from the pulley C, will 
equally follow each other, and C or W will aſcend one 
inch towards s; or the four parts of the cord o, s, u, k, 
will each be ſhortened one inch. 


In like manner may the purchaſe of any other com- 
bination of pullies be determined: and it will always 
happen, that the momenta of che weight and power will 
be equal, as in the other mechanical powers. That is, 
if any power will raiſe one pound with a certain velo- 
city, it will raiſe two pounds with half that velocity, or 
one hundred pounds with one hundredth 'part of that 
velocity, &c, | 


But as a ſyſtem of pullies has no great weight, and 
lies in a ſmall compaſs, it is eaſily carried about; and 
can he applied, ina great many cales, for raiſing weights, 
where other engines cannot; but they have a great deal 
of friction, on three accounts—1, Becaufe the diameters 
of their axis bear a very conſiderable proportion to their 
own diameters. 2. Becauſe in working, they are apt to 
rub againſt one another, or againſt the ſides of the blocks. 

D 2 | 3 Be- 


Four move- 
able pullies. 
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3. Becauſe of the ſtiffneſs of the meu that paſs over 
and under them, 


The fourth mechanical power is the inclined plane; 
and the advantage gained by it is as great as its length 
exceeds its perpendicular height. Let A B be a: plane 
parallel to the horizon, and C D a plane inclined to it; 
and ſuppoſe the whole length C D to be three times as 
great as the perpendicular height Gf F. In this caſe the 


cylinder E will be ſupported upon the plane C D, and 


kept from rolling down upon it, by a power equal to a 
third part of the weight of the cylinder. Therefore, a 
weight may be rolled up this inclined plane with a third 
part of the power which would be ſufficient to draw it 
up by the ſide of an upright wall. If the plane was four 
times as long as it is high, a fourth part of the power 
would be ſufficient; and ſo on in proportion. Suppoſe a 
man has occaſion to ſet a weight upon an eminence, and 
the weight 1s ſo great that he cannot lift it by his natu- 
ral ftrength; he will take a long ſtout plank, or ſomething 
equivalent, thereto, and ſetting it ſloping, will puſh the 
weight before him up the plank, to the place defigned to 
ſet it in; and ſuch plank, or other contrivance like it; is 
an inclined plane. Now it is evident, that the ſhorter 
this inclined plane is, the ſteeper is the aſcent; and the 
longer the plane is, the aſcent muſt be the eafier. Iti s 
plain alſo, that it is much eaſier to puſh arolling weight 
up a hill that riſes gently, than up a hill which is Fey 
ſteep; which! is univerſally known. 


The force wherewith a rolling body deſcends upon an 
inclined plane, is to the force of its abſolute gravity, by 
which it would deſcend perpendicularly in a free ſpace, 
as the height of the plane is to its length. For, ſuppoſe 
the plane A B to be parallel to the horizon, the cylinder 

will 
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will keep at reſt on any part of a plane where it is laid; 
If the plane be ſo elevated, that its perpendicular height 
from D is equal to half its length A B, the cylinder C will 
roll down upon the plane with a force equal to halt its 
weight; for ĩit would require a power (acting in the direc- 


tion of A B) equal to half its weight to keep it from rol- 


ling. It the plane D B be elevated, ſo as to be perpen- 
dicular to the horizon, the cylinder C would deſcend 
with its whole force of gravity, becauſe the plane con- 
tributes nothing to its ſupport or hindrance; and there- 
fore it would require a power equal to its whole weight 
to keep it from deſcending. Tothe inclined plane may 
be reduced all hatchets, chiſels, and other edge tools, 
which are chamfered only on one fide, 


The fifth mechanical power or machine is the wedge; 

which may be conſidered as two equally inclined planes, 
DEFandCEF, joined together at their baſes e E FO: 
— then D C is the whole thickneſs of the wedge at its 
back A B C D, where the power is applied; E F is the 
depth or heighth of the wedge; D F, the length of one 
of its ſides, equal to C F, the length of the other de; and 
O F is its fharp edge, which is entered into the wood 
intended io be ſplit, by the force of a hammer or mallet 
ſtriking perpendicularly on its back, Thus, A B is a 
wedge driven into the cleft CE D of the wood F G. 


When the wood FRED not cleave at any diſtance before 
the wedge, there will be an equilibrium between the 
power impelling the wedge downward and the reſiſtance 
of the wood acting againſt the two ſides of the wedge; 
when the power is to "the reſiſtance as half the thickneſs 
of the wedge at its back is to the length of eithcr of its 
ſides; becauſe the reſiſtance then acts perpendicular to 

the 
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the ſides of the wedge, But, when the reſiſtance on each 


ſide acts parallel to the back, the power that balances the 
reſiſtances on both ſides will be as the length of the whole 
back of the wedge is to double its perpendicular height. 


When the wood cleaves at any diſtance before the- 
wedge (as 1t generally does) the power impelling the 


wedge will not be to the reſiſtance of the wood as the | 


length on the back of the wedge is to the length of both 


its ſides; but as half the length of the back is to the 


length of either fide of the cleft, eſtimated from the top 
or acting part of the wedge. For, if we ſuppoſe the 
wedge to be lengthened down from the top C D, to the 
bottom of the cleft at E, the ſame proportion will hold; 
namely, that the power will be to the reſiſtance as half 


the length of the back of the wedge is to che length of 


either of its ſides: or, which amounts to the ſame thing, 


as the whole length of the back is to the length of both 


: the fades, 


The wedge is a very great mechanical power, fince 
not only wood but even rocks can he ſplit by it: which 
would be impoſlible to effect by the lever, wheel and 
axle, or pulley : for the force of the blow, or ſtroke, 
ſhakes the cohering parts, and thereby makes them ſe- 
parate more eaſily. 


The ſixth and laſt mechanical power is the ſcrew; 
which cannot properly be called a ſimple machine, be- 


cauſe it is never uſed without the application of a lever 


or winch to aſſiſt in turning it; and then it becomes a 
compound engine of a very great force, either in preſſing 
the parts of bodies cloſer together, or in raĩſing great 
weights, It may be conceived to be made by cutting a 


piece of paper, A BC, into the form of an inclinedplane 
or 
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or half wedge, and then wrapping it round a cylinder Fig. 18. 
(Fig. 18.) it being evident that the winch muſt turn 
the cylinder once round, before the weight of refiſt- 
ance can be moved from one ſpiral winding to another, 
as from d toc: therefore, as much as thecircumference 
of a circle deſcribed by the handle of the winch is great- 
er than the interval or diſtance between the ſpirals, ſo 
much is the force of the ſcrew, Thus, ſuppoſing the 
diſtance of the ſpirals to be half an inch, and the length 
of the winch twelve inches, the circle deſeribed by the 
handle of the winch where the power acts, will be76 inches 
nearly, or about 152 half inches; and conſequently 152 
times as great as the diſtance between the ſpirals: and 
therefore a power at the handle, whoſe intenſity is equal 
to no more than a ſingle pound, will balance 152 pounds 
acting againſt the ſcrew; and as much additional force 
as is ſufficient to overcome the friction, will raiſe the 
152 pounds; and the velocity of the power will be to 
the velocity of the weight as 152 to 1. Hence it ap- 
pears, that the longer the winch 1s, and the nearer the 
ſpirals are to one another, ſo much the greater is the 
force of the ſcrew, 


A machine for ſhewing the force or power of the ſcrew 
may be contrived in the following manner: Let the 
wheel C have a ſcrew a b on its axis, working in the 
teeth of the wheel D, which ſuppoſe to be 48 in num- 
ber. It is plain, that for every time the wheel C and 
ſcrew a b are turned round by the winch A, the wheel D 
will be moved one tooth by the ſcrew; and therefore, 
in 48 revolutions of the winch, the wheel D will be turn- 
ed once round, Then, if the circumference of a circle, 
deſcribed by the handle of the winch A, be equal to 

the circumference of a groove e round the wheel D, 
the velocity of the handle will be 48 times as great 
as 


Fig. 19. 
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as the velocity of any given point in the groove, 
Conſequently, if a line G goes round the grove e, and 
has a weight of 48 pounds hung to it below the pedeſ- 
tal E F, a power equal to 1 pound at the handle will 


balance and ſupport the weight. To prove this by ex- 


periment, let the circumferences of the grooves of the 


wheels C and D be equal to one another; and then if 


a weight H, of one pound, be ſuſpended by a line going 
round the groove of the wheel C, it will balance a weight 
of 48 pounds hanging by the line G; and a ſmall addi- 
tion to the nr H will cauſe it to deſcend, and as 


raiſe up the other weight. 


If a line G, inſtead of going round the groove e of the 


wheel D, goes round its axle I, the power of the machine 


will be as much increaſed as the circumference of the 


groove e exceeds the circumference of the axle: which 
ſuppoſing it to be fix times, then 1 pound at H will ba- 
lance 6 times 48, or 288 pounds, hung to the line on the 
axle: and hence the power or advantage of this machine 
will be as 288 to 1. That is to ſay, a man, who by his 
natural ſtrength could lift an hundred weight, will be 
able to raiſe 288 by this engine. If a ſyſtem of pullies 
were applied to the cord H, the power would be increaſ- 
ed to an amazing exceſs; but it would be here as in all 
other mechanical caſes; for the time loſt is always as 
much as the power gained, becauſe the velocity with 
which the power moves, will ever exceed the velocity 
with which the weight riſes, as much as the intenſity of 
the weight exeeeds the intenſity of the power. 


The friction of the ſcrew is very conſiderable; and 
there are few compound engines but what, on account of 
the friction of the parts againſt ont another, will require 
a third part more of the power to work them when loaded, 


than 
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than what is ſufficient to canflirats a m men 
the weight and the power. | 


In thelever, the friction is nothing. In the wheel and 
axle, it. is as ſmall as the diameter of the gudgeons (add- 
ed to the power required to bend the rope) is leſs than the 
diameter of the wheel; but itincreaſes according to the 
weight with which the axle is charged. The like mighe 
be ſaid of the pullies, if they did not rub againſt one 
another, or againſt the ſides of the mortiſes in the block 
where they are placed. A new rope of r inch diameter 
going over a pulley 3 inches diameter, and pulled with a 
force equal to 5 pounds, requires a force of 1 pound or 
upyards to bend it; and a rope 2 inches diameter re- 
en 5 times as much force. 


| Wood raced or metal Sided, en 3 the ſuns 
friction; and the ſinoother they are, their friction is the 
leſs. Vet metals may be ſo highly poliſhed, as to havs 
their 2 increaſes wah the A of N Ow” 


Wood flides: eder upon the gut 10 wet weather 
chan in dry; and eaſier tham an equal weight of iron in 
dry weather : but iron ſlides eaſier than wood in wet 
weather. Iron or ſteel. running in brafs, has the leaſt 
friction of any. Lead makes a great deal of refiſtance, 
In wood, acting upon wood, greaſe makes the motion at 
leaſt twice as eaſy. Wheel - naves, greaſed" or tarred, 
go four times as eaſy as when wet. Smooth ſoft wood, 
moving upon ſmooth ſoft wood, has a friction equal to 
about a third part of the weight. In rough wood, the 
friction is almoſt equal to half the weight. In ſoft 
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wood upon hard, or hard upon ſoft, the friction ef 
to about a fifth part of the weight. 


In poliſhed ſteel, moving upon poliſhed ſteel or pew- 
ter, the ſriftion is about a fourth part of the weight; on 
copper, a fifth part; and on braſs, a ſixth part of the 
weight. Metals of the ſame fort have i more friction than 
different ſorts. 


In general, the friction increaſes in the ſame propor- 
tion with the weight, The friction is alſo greater with 
a greater velocity; but not ſo great 1n proportion as the 
increaſe. of . 


To h hind tis friction of machines as little as poffible, 
they ought to be made of the feweſt and ſimpleſt parts. 
The diameters of the wheels and pullies ought to be 
large, and the gudgeons of the axles as ſmallas can be con- 
ſiſtent with the required ſtrength, The ſides of the pullies 
ought not to be all over flat, but to have a ſmall riſing in 
the middle, to keep them from rubbing againſt each other's 
ſides, and againſt the ſides of their mortiſes at a diſtance 
from their axle. All the cords and ropes ought to be as 
pliant as poſſible; and, for that end, rubbed witlrgreaſe. 
The teeth of the wheels ſhould juſt fit and fill the open - 
ings, ſo as not to be ſqueezed nor ſhaken therein. All 
the parts which work into, or upon one another, ought 
to be ſmooth; the gudgeons ought juſt to fit their holes, 
and the working parts muſk be greaſed, The rounds or 
ſaves of the trundles may be made to turn about upon 
iron ſpindles, fixed in the round end-boards 3 which will 
take off a great deal of friction. 

Let 
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Let the ſtrength of all parts be in proportion to the 
Areſs they are to bear, ſo as they may laſt equally well, 
He is by no means a perfect mechanic who only. adjuſts 
the ſtrength to the ſtreſs, if he does not contrive all the 
parts to laſt ſo, as that one ſhall not fail before another. 


When any motion is to belong continued, contrive 
the machine ſo, as that the working power may always 
move to act one way, if it can be done: for this is bet- 
ter and eaſier performed than when the motion is inter- 
rupted by the power's being forced to movefirſt one way 
and then another; becauſe every new change of motion 
requires a new additional force to effect it; and a bo- 
dy in motion cannot ſuddenly receive a contrary mo- 
tion without great violence, and danger of tearing the 
machine to pieces, But when the nature of the thing re- 
quires that a motion ſhould ſuddenly be communicated 
to a body, or ſuddenly ſtopt, let the force act againſt 
ſome ſpring, to prevent the machine's being damaged by 
a ſudden jolt, 


When a machine is movedby two handles, or winch- 
es on the ends of an axle, the handles are ſo placed as 
that when the one is up, the other is down; which isthe 
worſt way poſſible of placing them, ſave that of their 
being both up or down together, For, when a man 
raiſes a weight by means of turning a winch, he loſes 
half his force when the winch is upward; becauſe he 
puſhes himſelf as much backward as he puſhes the winch 
forward; and when the handle of the winch 1s down, di- 
realy below the axle, he loſes half his force; becauſe 
the winch pulls him as much toward it as he pulls it to- 
ward him : and, therefore, the greateſt effe & of his force 
on the machine is when he either pulls the winch up- 


ward, on the fide of the axle next to him, or puſhes it 
E 2 downward, 
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downward, on the ſide fartheſt from him. Yet, even 
in theſe (caſes, the pulling force 4s FR than the 


puſhing, 


In order to remedy this defect as much as poſſible, the. 
handles ſhould be ſo placed as to ſtand at right angles to 
one another; and then, where there; is a man at each 
handle, the effect of the one man's force will be greateſt 
when the effect of the other man's is leaſt upon the ma- 
chine. Whereas, in the common way of placing theſe, 
handles, when the effect of one man's force is the greats, 
eft, the other man's is ſo too; and when the effect of that 
man's force is the leaſt, ſo alſo is the other's; which is 
working at the greateſt diſadvantage poſſible, 
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In the Conſtruction f Water MMA. ls, it will be neceſſary to ob- 
ſerve the following Rules, = | 


EASURE the perpendicular height of the fall of 
| water, in feet, above that part of the wheel on 
which the water begins ta 1 and call that the height 
of the fall. br ol! 


II. Multiply this conſtant number 64,2882 by the 
height of the fall in feet, and the ſquare root of the pro- 
duct ſhall be the velocity of the water at the bottom of 
the fall, or the number» of feet that the water there 
moves per ſecond. 


III. Divide the velocity of the water by three, and 


the quotient ſhall be the velocity of the float-boards of 


the wheel, or the number of feet they muſt each go 


thro' in a-ſecond, when the water acts upbn them fo as 
to have the greateſt 8 to turn the mill. 


IV. Divide the cirtumference of the wheel in Fat nike 


the velocity of its floats in feet per ſecond, and the quo- 
tient ſhall be the number of ſeconds 1 in which the wheel 
turns 5 c 


V. By 
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V. By this laſt number of ſeconds divide 60, and the 
quotient ſhall be the number of turns of the wheel in a 


minute, 


VI, Divide 120 (the number of revolutions a mill- 
ſtone 41 feet diameter ought to have in a minute) by the 
number of turns of the wheel in a minute, and the quo- 
tient ſhall be the number of turns the millſtone ought ta 
have for one turn of the wheel. 


VII. Then, as the number of turns of the wheel in a 
minute is to the number of turns of the millſtone in a 
minute, ſo muſt the number of ſtaves in the trundle 
be to the number of cogs in the wheel, in the neareſt 
whole numbers that can be found. 


By theſe rules the following table is calculated to a 
water wheel 18 feet diameter; which, Iapprehend, may 


be a good ſize in general, 


To aſcertain the force or powerof any moderate ſtream 
of water, let the ſame be obſtructed by a dam acroſs the 
ſtream, ſo as to force all the water through a trough or 
open ſpout into a large veſſel or reſervoir, by mea» 
ſuring ſo much water as ſhall be received as above, in 
any given time, viz. a ſecond, minute, &c.; and multi- 
plying the ſame by the number of ſeconds or minutes in 
an hour, the whole force or impulſe of ſuch ſtream of 
water per hour at any given height, may be readily aſ- 
certained 1n rivers too large to be meaſured as above, 
the force or impulſe may be calculated from the ſpace 
that a ſtraw tloating upon the ſurface of the water, in 
any given time, and at a medium depth and width of the 


tiver, will deſcribe, 


The 


USEFUL KNOWLEDGE. 8 


The Mill-Wright's Table. 
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To eonſtruct a mill by this table, find the height of 
the fall of water in the firſt column, and againſt that 
height in the fixth column, you have the number of cogs 
in the wheel, and ſtaves in the trundle, for cauſing the 
mill- ſtone 4 feet 6 inches diameter, to make about 120 re- 
volutions ina minute, as near as poſſible, when the wheel 


goes with one third part of the velocity of the water. 


And it appears by the 5th column, that the number of 
cogs in the wheel, and ſtaves in the trundle, are ſo near 
the truth for the required purpoſe, that the leaſt- number 
of revolutions of the millſtone in a minute is 118, and 

the greateſt number neverexceeds 121; which is accomd- 
ing to the ſpeed of ſome of che beſt mills I _ yet 


ſeen, | | 2 — 


A leſs quantity of. water will t turn an overſhot than 
what will turn an underſhot or breaſt wheel; as an over+ 
ſhot is actuated by the ſtatical weight, or gravity, an 
the underſhot or breaſt by impulſe only; ſo that where 
there is but a ſmall quantity of water, and a fall great 
enough for the wheel tolie under it, the overſhot wheel 
is always uſcd. But where there is a large body of wan 
ter, and little fall, the underſhot wheel muſt take place. 
Where the water runs only upon a little declivity, it 
can act hut ſlowly upon the under part of the wheel; 7 
in which caſe, the motion of the wheel will be very 
flow: and therefore, the float-boards ought to be very 


long, though not high, that a large body of water may 


act upon them; ſo that what is wanting in velocity, 
may be made up in power; and then the cog-wheel 
may have a greater number of cogs, in proportion to 
the rounds in the trundle, in order to give the millſtone g 


a ſufficient degree of velocity. 
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The Method for ſetting out a Spur Wheel anu Wallower, 


RAW the pitch lines A 1, B 1, A 2, 2 B; then fil. 


divide them into the number of teeth or cogs re- 
y_ as a be. 25 


Divide one of thoſe diſtances, as b e, into wks equal 


parts, as 1, 2, 3,4, 5 6 73 three parts allow for the thick - 


neſs of the cogs, as 1, 2, 3 in the cog a, and four for the 
thickneſs of the ſtave, of the wallower (one reaſon for al- 
lowing three parts for the cog, and four for the ſtave is, the 
wallower is in general of leſs diameter than the wheel, 
therefore ſubject to more wear in proportion of the number 
of cogs, to the number of ſtaves ; but if there is the ſame 
number of ſtaves as of cogs, they may be of equal thickneſs) 
as I, 2, 3, 4, in the ſtave m, Fig. 2; the height of the cog 
is equal to four parts; then divide its height into five equal 
parts, as 1, 2, 3, 4, 5, in the cog C; allow three for the 
bottom to the pitch line of the cog ; the other two parts for 
epicycloid, ſo as to fit and bear on the ſtave equally. The 
millwrights in general put the point of a pair of compaſſes 
in the dot 3, of the cog a, and ſtrike the line d, e; then 
remove the point of the compaſſes to the point d, and ſtrike 
the curve line 3 f, which they account near enough the 
figure of the epicycloid, 


The method for a face wheel is thus; divide the pitch Fig.. 
line A B into the number of cvgs intended, as a be; divide | 
the diſtance b c, into ſeven equal parts; three of thoſe parts 
allow for the thickneſs of the cogs, as 1, 2, 3 in the cog a, 
four for the height, and four for the width, as d e, and four 
for the thickneſs of the ſtave m; draw a line through the 

F center 


Ae. A As —_ a 


b — Y t . r — I 


34 IN INTRODUCTION TO 


center of the cog, as the line A I, atS; and on the point 
5, deſcribe the lined e; remove the compaſſes to the point 
A, and draw the line f g, which forms the ſhape of the cog ; 
then ſhape thecog on the ſides to a cycloid, as de f g, Fig. 
1. But this method of ſetting out the ſhape: of a cog/is 
variable, according to the cycloid in different diameters of 
wheels, | 


Spur Nuts. In common ſpur nuts, divide the pitch line A, into twice 

Fig. 3. as many equal parts as you intend teeth, as a, b, c, d, e; 
with a pair of compaſſes opened to half the diſtance of any 
of theſe diviſions, from the points a 1, c 3, e 5, draw the 
ſemicircles a, c, and e, which will form the ends of the 
teeth. From the points 2, 4, and 6 draw the ſemicireles 
g h i, which will form the hollow curves for the ſpaces; but 
if the ends of the teeth were epicycloids, inſtead ad ſemicir- 
cles, they would act much better. 


The Principle of Bevel Geer, 


= Bevel Geer, { NONSISTSS in two cones, rolling on the ſurface of each 

= Fis. 4+ other, as the cone A and B revolving on their centers 

ab, ac; if their baſes are equal, they will perform their re- 
volutions in one and the ſame time, or any other two points 

| ; equally diſtant from the center a, as'd 1, d 2, d 3, &c. will 
| 


revolve in the ſame time as f 1, f2, f 3, &c. In the like 

Fig. g. and manner, if the cones, a d e, be twice the diameters at the 

3 baſe d e, as the cones a f e are, then if they turn about 
| | their centers, when the cone a fd has made one revolution, 
= the cone a d e will have made but half a revolution; or 
| when a f d has made two revolutions, a de will have made 
but one, and every part equally diſtant from the center a, as 
f 1, 


— — — —_—————— = 
= — — — 
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fr, fa, f 3, &c. will have made two revolutions to e 1, 

e 2, e 3, &c. and if the cones were fluted, or had teeth cut 

in them, diverging from the center a, to the baſes d c, e f, Fig. 7 and 
they would then become bevel geer. The teeth at the A * 
point of the cone being ſmall and of little uſe, may be cut 

off at E and F, Fig. 8, as ſeen by Fig. 9, where the up- Fig. 8 & 9. 
right ſhaft, a b, with the bevel wheel, c d, turns the bevel 

wheel, e f, with its ſhaft b g, and the teeth work freely. 

into each other, as a b, Fig. 10. The teeth may be made Fig: 203 

of any dimenfion, according to the ſtrength required; and 

this method will enable them to overcome a much greater 
reſiſtance, and work ſmoother than a face wheel and wal- 

lower of the common form can poſſibly do; beſides, it is of 

great uſe to convey a motion in any direction, or to any 

part of a building, with the leaſt trouble and friction. 


The method of conveying motion in any direction, and 
proportioning or ſhaping the wheels thereto, is as follows: 
jet the line a b, repreſent a ſhaft coming from a wheel; Fig. 11, 
draw the line c d to interſect the line a b, in the direction 
that the motion to be conveyed is intended, which will now 
repreſent a ſhait to the intended motion, 


Again, ſuppoſe the ſhaft c d is to revolve three times, 
whilſt the ſhait a b revolves once, draw the parallel line i 1, 
at any diſtance not too. great, ſuppoſe 1 foot by a ſcale, then 
draw the parallel line K k at 3 feet diſtance, after which, 
draw the dotted line w x, through the interſection of the 
ſhafts a b, and e d, and likewiſe through the interſection of 
the parallel lines i i and k k, in the points x and y; which 
will be the pitch line of the two bevel wheels, or the line 
where the teeth of the two wheels act on each other, as may 

| F 2 be 


Fig. 14. 


Fig. 15. 
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be feen Fig. 12, where the motion may be conveyed in any 
direction. 


The univerſal joint, as repreſented F ig. 13, may be ap- 
plied to communicate motion inſtead of bevel geer, where 


the ſpeed is to be continued the ſame, and where the angle 


does not exceed 30 or 40 degrees, and the equality of motion 
is not regarded, for as it recedes from a right line, its moti- 
on becomes more irregular. This joint may be conſtrued 
by a croſs, as repreſented in the figure; or with four pins 
faſtened at right angles upon the circumference of a hoop, 
or ſolid ball. It is of great uſe in cotton mills, where the 
tumbling ſhafts are continued to a great diſtance from the 
moving power. But by applying this joint, the ſhafts may 
be cut into convenient lengths, by which it will be enabled 
to overcome greater reſiſtance, | 


To deſcribe the Cycloid and Epicycloid, of Uſe in Shaping the 
Teeth of Wheels, &c. 


F a point or pencil a, on the circumference of the circle, 


B, proceeds along the plane a C, in a right line, and 


at the ſame time revolves round its center, it will deſcribe a 
cycloid. 1 


And, if the generating circle D, moves along the eir- 
cumference of another circle E, and at the ſame time turns 
round its center, the point o will deſcribe an epicycloid. 


* 
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Brief Hiſtory of Electricity. 


HOUGH it is certain, ever ſince the creation of the 
world, the electric fluid had all the operations it has at 
preſent; yet, the diſcovery of its action, and even of its | 
exiſtence, is (comparatively ſpeaking) of a very late date. | | 
Thales the Milefian, who lived 600 years before Chriſt, Elearicity | 
was the firſt who obſerved the electrical properties of am- — — 
ber. Of theſe indeed, he knew no more than that this 
ſubſtance would attract light bodies when it was rubbed. 
For 300 years after his time, we hear nothing further 
concerning this ſubject. Theophraſtus then tells us, that 
the LZyncurium (now called the Tour malin), has the pro- 
perty of attracting light bodies, as well as amber. From | 
this time there is a chaſm in the hiſtory of electricity for 1 
1900 years. It was in the beginning of the 17th century 1 
that the ſubject of electricity became a diſtin ſcience, and of Dr. u. 4 
the foundation was laid of thoſe diſcoveries (which have * * 
ſince taken place) by Dr. William Gilbert, an Engliſh phy- | 
fician, who may juſtly be called the father of electricians; £ 
in the year 1600 he wrote a book De Magnette, which con- 
tains a variety of electrical experiments. All theſe how- | | 
ever, conſidered only the attractive property of certain ſub- 34 
ſtances, which, from their agreement in this reſpe& with 
amber, were called electric. Dr. Gilbert's merit conſiſts in 
his having been at great pains to find out a number of ſuch 
| ſubſtances, 


= 
— — — — 
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ſubſtances, and thus * enlarge the number of 
electrics. 


— Till the year 1640, it does not appear that any farther 
ments, diſcoveries were made; except ſome trifling additions to 
the catalogue of electrics. About this time Mr, Boyle 
applied himſelf to the ſtudy of electricity ; he enlarged the 
catalogue of eleQrics, and found that their electric proper- 
ties were increaſed by warming and wiping them before 


they were rubbed. 


| Diſcoveris Otto Guericke, however, who was cotemporary with 


of Otro 
Guericke. Mr. Boyle, improved the ſcience much farther. He 


made uſe of a ſulptiur globe, whirled on an axis, much 
like our preſent glaſs globes ; by which means he excited 
a greater power of electricity than any of his predeceſſors, 
and tricd all their experiments to much more advantage, 
He diſcovered the electric repulſion ; and not only faw the 
electric light more clearly than Mr. Boyle, but heard the 
hiſſing ſound with which it is emitted. He alſo made 
another remarkable diſcovery, but which has ſince been 
very generally overlooked ; viz. that a feather, when re- 
pelled by an excited electric, always keeps the ſame face 
towards the body which repells it, as the moon does to the 


earth. 


Difcovery The next diſcovery of any moment was made by Sir 


by Sir Iſaac 5 
Newton. Iſaac Newton; who obſerved, that the electric attrac- 


tion and repulſion penetrated through glaſs. In the year 


MrMawkC- 1 709 a treatiſe was written on electricity by Mr. Hawkſbee z 


— who not only far excelled all his predeceſſors and cotempo- 


raries, but alſo made ſome diſcoveries which well deſerve 


the attention of the moſt expert electricians at this day; 
| I 
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he was the firſt that applied a glaſs globe to the machine, 
and he remarked various appearances of the electric light 


and the noiſe that accompanied it, together with a va- 
riety of phznomena —_ * ""”_ PR and re- 


6 


Aſter his Ped ugh not only the uſe of glaſs kate 
even the ſtudy of electricity itſelf, ſeems to have been pretty 
generally laid aſide for ſome time. The reaſon of this 
was, that the recent diſcoveries of Sir Iſaac Newton, en- 
gcoſled the attention of philoſophers to ſuch a degree, that 


they had no leiſure for any other purſuits. However, after 


the death of that great man, electricity began to- revive, 
and in 1729 a capital diſcovery was made by Mr. Stephen 


Grey, who (by his curious obſervations) found out the diſcovery. 


difference between electries and conductors ; who, with the 
aſſiſtance of Mr. Wheeler, contributed much to the ad- 


vancement of electricity. Soon after, Mr. Du Fay acci- r p 
dentally diſcovered the difference between poſitive and ne- — _ 


gative electricity, by obſerving that a piece of leaf gold re- 
pelled by an excited glaſs tube, was again eagerly attracted 
to it, after it had touched ſome body which was not an elec- 
tric; the ſame was alſo the caſe with roſin, ſealing- *. 
ſulphur, and a number of other ſubſtances. 


It may be obſerved, that although the ſcience had, through 
the indefatigable attention-of ſo many ingenious perſons, 
and by the diſcoveries that were daily produced, excited the 
curioſity of philoſophers, and engaged their attentions 
yet, as the cauſes of every thing, whether ſmall or great, 
are ſeldom much attended to, if their effects are not parti- 
cularly ſtriking and ſingular ; fo electricity had till the 
year 1746 been ſtudied by none but philoſophers, until 

that 


| 
/ 
| 
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that, capital diſcovery of the vaſt accumulation of its power, 

in what is called the Leyden Phial, was accidentally made 

= _ by Mr. Muſchenbroek in the year 1746, at which time the 
exp-rimen- ſtudy of electricity became general, and gave more ſurprize 
— even to philoſophers, than any other ſcience whatever 
from the time of this diſcovery, electricity became the ge- 

neral ſubject of converſation, and great numbers of people 

got their livelihood by going about and ſhewing its curious 

Medica! phenomena. It was alſo applied medically, and ſeveral per- 
aud ul. ſons found great benefit by it, particularly a paralytie perſon 
4. cured at Geneva, another of a violent pain in his head, alſo 
a woman of a diſorder in her eyes at Bologna; ſo that from 

this time we may date the introduction of electricity into the 
medical art. It is impoſſible to enumerate all the happy ef- 

fects which have been performed in curing various diſor- 

ders incident to the human. . I electrical er 


tions. 


Pg 


The ſcience of electricity has ſince the above period been 
greatly improved by the indefatigable induſtry of the cele- 
brated philoſophers, Dr. Franklin and Dr. Prieſtley ; but 
it would be endleſs to enumerate all the improvements that 
have been made by a great number of other gentlemen, who 
have each added ſomething towards its advancement ; but 
whoever would make himſelf acquainted with theparti- 
culars concerning thoſe advances, ſhould read over the ela 
borate hiſtory of electricity compiled by the learned Dr. 
Prieſtley, a work that will inform him of whatever had 0 
done relative to the ſubject till its publication. 
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Of the Electric Fluid. 


THE earth and all the bodies we are acquainted with, 
are ſuppoſed to contain a certain quantity of an exceed- 
ingly elaſtic and ſubtle flyid, which philoſophers have 
agreed to term electric. This certain quality belonging 
to all bodies, may be called their natural ſhare; and ſo 
long as each body contains neither more nor leſs than 
this quantity, it ſeems to be wholly dormant, and pro- 
duces no ſenſible effect; but the moment that the equi - 
librium is diſturbed, and any body becomes poſſeſſed of 
more or leſs than its natural quantity, very remarkable 
effects ariſe from it. The body is ſaid to be electrified, 
and is capable of exhibiting appearances which are aſ- 
cribed to the power of electricity. 


This equilibrium could never be diſturbed, or, if it 
was diſturbed, would be immediately reſtored, and 
therefore be inſenſible, but that ſome bodies do not ad- 
mit the paſſage of this electric fluid through their pores, 
or along their ſurfaces, though others do. By this 
means, whenever any body has acquired an additional 
quantity of electric matter, and is everywhere ſur- 
rounded with bodies through which it cannot paſs, it 
muſt remain overloaded; or, if it has loſt part of what 
naturally belonged to it, it muſt remain exhauſted ; be- 
cauſe the ſurrounding bodies prevent any of the fluid 
from going to it, or coming out of it; and the body is 
then ſaid to be inſulated. Thoſe bodies through which 
the electric fluid can paſs are called conduQtors, and 
thoſe through which it cannot paſs are called non- 
conductors of electricity; and into theſe two kinds all 
bodies whatever are claſſed by electricians. 
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The beſt conductors of electricity, or thoſe which 
admit the electric fluid to paſs through them with the 
greateſt eaſe, are metals of all kinds, And the moſt per- 
fe& of the non- conducting claſs of bodies are, glaſs, ro- 
fin, ſealing-wax, ſulphur, bees-wax, and baked wood, 
among ſolids; and oils and air among fluids, But all 
ſubſtances become conductors when they are made very 
hot. They are alſo called electrics, and the conducting 
ſubſtances are called non- electrics. 


The method of diſturhing the equilibrium of the elec- 
tric fluid in bodies, or of making it paſs from one to an- 
other, is chiefly friction, or a ſlight rubbing of them, 
one againſt another. In this caſe the electric fluid will 
in general leave that ſubſtance which has the rougher 
ſurface, and paſs upon the other, which is ſmoother; ot 
it will leave that ſubſtance which is the leſs perfect elec- 
tric, and paſs upon the other which is the more perfect 
electric of the two. Thus, if I take a ſmooth glaſs tube 
(ſuch as is repreſented) and draw it through my hand, 
the effect of that friction is that the electric matter 
leaves my hand and paſſes upon the glaſs, where it will 
remain as an addition to its natural quantity. For as 
neither the glaſs nor the air which ſurrounds it are con- 


ductors of electricity, this redundancy of the electric 
matter cannot poſſibly get away; but if my finger, a 


piece of metal, or any conducting ſubſtance, be pre- 
ſented to any part of the glaſs thus overloaded with the 


electric fluid, it will paſs immediately from that part 


into them; and if they be preſented to every part of 
the tube ſucceſſively, the whole of this redundant elec- 
tricity will be diſcharged, and every thing will become 
juſt as it was before the operation, The glaſs, in this 
Caſe, is ſaid to be excited, becauſe the friction ſeems to 

| excite 
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excite, or call upon the electric power which it had be- 
fore, but which lay dormant in it. 


In like manner, when the globe is whirled in the elec- 
trical machine, the friftion of the glaſs againſt the rubber 
makes the electric fluid which was in the rubber paſs on 
the glaſs, from whence it is conveyed to the prime con- 
ductor, the points of which are preſented to every part 
of the globe in ſucceſſion: and as the friction is conti- 
nued, there will, by this means, be a conſtant ſupply of 
the electric matter to the prime conductor, though other 
bodies be preſented to it, and keep diſcharging it all the 
while in viſible ſparks. The hand, in the former of 
theſe caſes, and the rubber in the latter, which had 
parted with their ſhare of the electric fluid to the glaſs, 
againſt which they were rubbed, receive an immediate 
ſupply from the conducting ſubſtances in contact with 
them; and theſe are again ſupplied by the general maſs 
of the fluid that is lodged in the earth, 


On the contrary, if J draw through my hand a ſtick 
of ſealing-wax, a piece of ſulphur, or a tube of rough 
glaſs, the effect of the friction is, that a quantity of elec- 
tric matter naturally belonging to the ſulphur, &c. paſſes 
from it to my hand ; and the ſulphur being ſurrounded 
by the air, which is a non-conductor, remains exhauſt- 
ed, and is ready to take ſparks of electric fire from any 
bodies that are preſented to it. But it is impoſſible to 
diſtinguiſh by the eye which way the electric matter 
paſſes, its velocity is ſo extremely great. The ſulphur 
in this caſe, though deprived of its ſhare of electricity, 
is ſaid to be excited as well as the glaſs which was over- 
loaded with it, becauſe, though the ftate they are in be 
the reverſe of one another, the effects produced by them 

G 2 are, 
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are in many refpects ſimilar, The appearances whielt 
lead us to diſtinguiſh them, will be mentioned heres 


: after, 


Of Blettrical Atraflion and Repulfon. 


THE great laws of the electric fluid, and thoſe on 
which all the phenomena of electricity depend, are, that 
It is, in a much higher degree than air, elaſtic, and re- 
pulſive of itſelf; that two bodies having both of them 
either more or leſs than their natural ſhare of it, repel 
one another; but that, if one of them have more and 
the other leſs than its ſhare, they will attract one an- 
other, 


Thus, ifT hang a bundle of hairs or feathers upon the 
prime conductor, the moment I electrify them, by turn- 
ing the wheel of the machine, they begin to fly from, 
one another; ſo that ſome of them will ſtand quite erect, 
in a beautiful manner, and they cannot be made to col- 
Japſe and be brought in contact with one another till 1 
diſcharge the conductor, by taking a ſpark from it with 
a piece of metal, or ſome other conducting ſubſtance. A 
large plumy feather alſo grows beautifully turgid when 
it is electrified, expanding its fibres in all directions; 
and they collapſe when the electricity is taken off. 


If J hold in my hand a bundle of threads, hairs, or 
feathers, and preſent them to the electrified conductor, 
the electric fluid with which the conductor is overload- 
ed, repels the electric fluid from thoſe parts of the 
threads, &c, which are next to it, into the more diſtant 
parts of thoſe bodies, or into my hand, and ſo into the, 
ground; 
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round; the conſequence of which is, that the threads 
baving leſs than their natural ſhare, do ſtrongly repel 
and avoid one another, and at the ſame time are ſtrongly 
attracted by the conductor, which is in an oppoſite ſtate, 
If the conductor had been deprived of its natural ſhare 
of electricity, the bodies preſented to it would have had 
more than their natural fhare ſo that ſtill the ſame ap- 
pearance of mutual repulſion, and of attraction by the 
conductor, would have taken place; and univerſally all 
bodies that are brought within the influence of electri- 
fied bodies, whether they are ſo by having more or leſs 
than their natural ſhare of the electric fluid, become 
poſſeſſed of a contrary electricity, For the ſame reaſon, 
excited electrics of every kind attract all light bodies 
which are brought within the ſphere of their influence, 


Electrical attraction and repulſion are exhibited in a 
very pleaſing manner, by means of a glaſs tube and a 
feather, When the tube 1s excited, by being drawn 
through the hand, or a rubber, the feather when brought 
near it, will be attracted and jump to the tube; then, 


after taking ſome time to get fully ſaturated with elec- 


tric matter (becauſe, being a bad conductor, it can re- 
ceive it but very ſlowly) it will ſuddenly jump from it, 
and fly towards the next conductor, upon which it may 
diſcharge the redundant electricity it has acquired, If 
no other body happen to be in the way, it will tend to- 


wards the ground; but if the electrified tube be held un- 


der it, it will ſtill be repelled, and driven into the mid- 
dle of the room, where it may be kept ſuſpended, or be 
driven about in all directions, almoſt as long as a perſon 
pleaſes, if the air be dry, 


Other beautiful effects of electrical attraction and 
repulſion are ſhewn at the prime conductor belonging to 


the 


Experimeni 


Electrical 
bells. 


Fig. 5. 
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the machine. Suſpend a plate of metal from the cone 
ductor, which is ſupported by two pillars of glaſs, and 
muſt be ſuppoſed to be ſupplied wth electricity from the 
globe; and underneath it, at the diſtance of about three 
or four inches,-put another plate of the ſame fize ; upon 
the lower of theſe plates lay a feather, or a ſmall flip of 
light paper; and, as ſoon as the wheel begins to turn, 
the feather or the paper will be attracted, and jump to 
the upper plate F ; from which it will he immediately 
repelled, and fly to diſcharge itſelf upon the lower plate 
P, which is ſupported on the pedeſtal HG; after which 
it will be ready to be attracted and repelled again, Thus 


will the feather or paper fly from the one plate to the 


other alternately, and with inconceivable rapidity, if 
the electrification be pretty vigorous. When the pieces 
of paper are cut into the figures of men and women, 
they exhibit a kind of dance, which is extremely 
amuſing, : 


This experiment will be the more diverting if it be 
accompanied with that of the electrical bells, which de- 
pends upon the ſame principle, Four bells, a, b, e, d, 
hang from braſs rods, communicated with the prime 
conductor, and another bell, e, fixed on a braſs pedeſtal 
A, reaching to the ground; and four fmall braſs balls, 
fuſpended by filken threads, hang between a, b, c, d, 
and the bell e in the middle. The conſequence of this 
diſpoſition is, that the outermoſt bells, which hang from 
the prime conductor by braſs chains, are electrified, and 
attract the braſs balls which hang by ſilk; and the at- 


traction being vigorous, they are made to ftrike the 


bells with ſome force, and make them ring, Being then 
loaded with electricity, they are immediately repelled 
from theſe outermoſt bells, and fly to unload themſelves 


by 
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by ſtriking upon the middle bell, which is inſulated by 
the glaſs pillar B, upon the pedeſtal A; and from which 
the electric matter paſſes to the floor by means of the 
braſs pedeſtal A, The braſs balls, which now may be 
called clappers to the bells, are then ready to be attrac- 
ted by the outermoſt bells, as at firſt; and thus the 
ringing may be continued as long as it is agreeable. The 
amuſement will be heightened, if the electrician now 
and then touch the prime conductor with a braſs rod, or 
with his finger; for then the dancing and ringing will 
ceaſe, and will not he renewed till his finger or the rod 
be removed. If he conceals this application of his finger, 
or the rod, with a little art, the figures will ſeem to 
dance, and the bells to ring, at the word of command. 


Of the Elefric Spark. 


WHEN I preſent a piece of metal, or any other good 
conducting ſubſtance, to the overloaded prime conduc- 
tor, the electric matter will paſs with violence from the 
one to the other; an electric ſpark, with the appearance 
of fire, will be ſeen darting between them, and a report 
which is uſually compared to a ſnapping noiſe, will be 
heard. If the piece of metal that is preſented to the 
prime conductor be mſulated, ſo that it cannot immedi- 
ately loſe what it receives, it will only take part of the 
charge from the prime conductor (the whole of the re- 
dundant electricity being divided between them in pro- 
portion to their ſurfaces) and either of them will give a 
ſmaller ſpark to another body that is preſented to them. 


When any perfon ſtands upon the ſtool with feet made 
of glaſs, or baked wood (ſuch as is repreſented) and takes 
| in 
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in his hand a chain faſtened to the prime conductor; 
being then inſulated, he may be conſidered as part of 
the prime conductor; and any part of his body will ex- 
hibit all the ſame appearances which the prime conduc- 
tor itſelf will do, Thus, if the finger of any perſon 
ſtanding upon the floor be preſented to him, a ſpark of 


Fire will ſeem to iſſue from him, and both he and the 


perſon that receives it will feel a painful ſenſation, like 
a pricking; and the ſame ſnapping noiſe above-men= 
tioned will be heard, Every part of his body will then 
attract light ſubſtances ; and the bits of feathers, or the 
human figures above-mentioned, cut in paper, and laid 
on a plate, will perform the ſame dances that were men- 
tioned before, if the palm of his hand be expanded over 
them, Alſo the hairs of his head, or of his wig, if they 
happen to be looſe, will repel one another; and many of 
them will ſtand upright. As theſe electric ſparks, which 
are attended with a ſenſation moderately painful, will 
be excited wherever he 1s touched, or wherever he 
touches any other perſon, this experiment will chereby 


furniſh very great diverſion. 


The electric ſpark has not only the appearance of fire, 
but is capable of actually ſetting fire to various ſubſtances 
that are eaſily inflamed; but the inflammation is probably 
produced by the rapid motion into which the parts of the 
ſubſtances are thrown, by the action of the electric mats 
ter upon them, Thus, if ſpirits of wine be held in a 
ſpoon, and an electric ſpark be drawn from the ſpoon, 
ſo as to paſs through any part of the ſpirits, they will 
catch fire, and burn as if they had been lighted by a 
candle. The ſpoon in which the ſpirits are contained may 
either be connected by the prime conductor, and the 
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ſpark drawn through them hy a perſon ſtanding on the 
floor; or the ſpoon may be held by a perſon ſtanding on 
the floor, and the ſpark be drawn through them by a 
Eraſs rod, either connected immediately with the prime 
conductor, or held in the hand of a perſon ſtanding on 
the ſtool, in the manner mentioned above. If a candle 
be blown out, and an electric ſpark be immediately 
drawn through the ſmoke, it will often be lighted again; 
but it requires a pretty ſtrong ſpark, and ſome degree of 
dexterity and experience in the operator, to produce 
this effect with certainty. It will be more amuſing, and 
the effect will be as certain, if the ſpark be drawn thro? 
the ſpirits by the end of a perſon's finger, 


Not only are the ſenſes of feeling, ſeeing, and hearing 
affe cted by electricity, in the manner deſcribed above, 
but it is even ſonſible to the ſmell and the taſte. If a 
pointed braſs rod be electrified, either by being faſtened 
to the prime conductor, or held in the hand of a perſon 


electrified, and another perſon ſtanding upon the floor 
' preſent his noſtrils within an inch or two of the point, 


he will feel a ſtrong and diſagreeable ſmell, like that of 
burning ſulphur ; and if he receive the electric effluvia 
iſſuing from the point upon his tongue, he will perceive 
a taſte which is manifeſtly acid, 


The machine, as repreſented Fig. 2, was ſuch as my 


ingenious friend the Rev, Mr. Timothy Prieſtley uſed, 
on account of its ſimple conſtruction, as not being liable 
to be out of order-ſoon, having no wheel or ſtring ei- 
ther to make any noiſe or need alteration z it may be 
fixed firm on a table, and taken off in a moment; and 


the globe may he taken out with the greateſt caſe, in 
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order to be packed up. When the inſide of the globe is 

lined with his compoſition, hereafter mentioned, it will 
produce more fire than with any other compoſition 

which I know of. 


The ſpring $ that is repreſented in the plate, is for 
thoſe that care not for having the rubber inſulated ; but 
thoſe that are more curious may have them made with 
the rubber well inſulated by a glaſs pillar, that will hold 
the rubber to the back part of the globe, as repreſented 
Plate IV. Fig. 1. | 
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The con- Fig. 2. A is a piece of mahogany, 9 inches ſquare, 
* and 1 inch 1 quarter thick, in which a pedeſtal B is 
— fixed; C is an iron axle, to which is fixed a braſs cap, 
and to which the globe G is firmly cemented, and runs 
in a braſs ſocket E, through the middle of the pedeſtal B, 


and turned by the handle H. 
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R is the rubber, which is made of a piece of wood cut. 
to the curve of the globe, to which is fixed a leather co- 
yering, which being at a little diſtance from the wood 
in the middle, it will yield to the preſſure of the globe 
the better, 
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On this leather is another leather, which will take off 
by taking out a pin: on this the amalgam is rubbed, and 
being ſo eaſily taken off, is more readily brought into 
order than thoſe which have only one leather, and that 
fixed to the rubber. To this outermoſt leather is fixed 
a piece of black ſilk, which reaches half round the globe, 
and greatly increaſes the fire, ſo that it will give fire 
well, if the rubber ſcarce touch the globe. This machine 

will 
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will ſuit any kind of a conductor; but I prefer paper- 
globes covered with tin- foil, they being, in my opinion, 
the moſt compact, and retain the clerical effluvia bet- 
ter than any other ſhape, 


of the Influence of Points in Electricity. 


THE more acutely pointed any bodies are, the more 
eaſily do they take or part with the electric matter. 
Thus, if a needle, or ſharp-pointed wire, be faſtened to 
the prime conductor, it will retain but a ſmall degree of 
electricity, and conſequently will give but a ſmall ſpark. 
when the finger or a piece of metal is preſented to it. 


mis hu ww ot 4 


, Alſo, if the needle, or ſharp pointed wire, be held in the 
- hand of a perſon ſtanding upon the floor, and preſented 
, to the conductor, it will likewiſe be found to retain but 
, a ſmall degree of electricity. In the former of theſe 
* caſes, while the needle was in contact with the prime 


conductor, the electric matter went off at the point, and 
was diſperſed in the air, or among the conducting par- 


1 ticles, which are always floating in the common atmo» 
8 ſphere. In the latter caſe the needle being preſented 
i towards the conductor, received the ele&ric matter 
7 from it at a conſiderable diſtance, 

If theſe experiments be made in the dark, a flame 
d will be ſeen at the point of the needle or wire; but the 
; appearance of the fire will not be the ſame in both caſes, 
a but eonſiderably different; ſo that it may always be 
i perceived by the eye, whether, according to the com- 
: mon theory, the point be receiving or giving out the 
F cle&ric matter, | 
p 

[ 

f If the ſharp pointed wire be giving out the electric 


matter, the flame will be large; the parts of which it 
H 2 conſiſts 


Fig. 6. 


52 AN INTRODUCTION TO 


conſiſts will be fewer; and if the point be not very 
acute, a kind of ſnapping noiſe will be heard as the elec- 
tric matter is iſſuing out of it into the air; whereas, if 
the pointed wire be receiving the electrie matter, the 
flame will be much ſmaller and more globular; the 
parts of which it conſiſts will be more in number, and 
the noiſe that 1s made will be a kind of hiſſing. The 
flame iſſuing from a body, on account of its oblong 
form, is called a pencil; and when the rays come to a 
point they project more equally from the centre, and it 
is then called a ſtar. E 


The reaſon why pointed bodies tranſmit the electrio 
fluid with ſo much eaſe, has not yet been thoroughly 
explained]; but the effects of it are exceedingly remarks 
able. The capital uſe that has been made of this obſer- 


vation, has been to draw the electric matter from the 


clouds, and thereby to prove that lightning and electri- 
city are the ſame thing: for if a long rod or pole with 
a ſharp pointed wire at one end of it, be ſupported by 
electric ſubſtances, the point projecting towards the 
clouds will draw the electric matter from them, and be- 
come ſenſibly charged with electricity; juſt as it would 
have been from being connected with the prime con- 
ductor of an electrical machine. It will attract light 
bodies, ſparks of electric matter may be drawn from it, 
and it will exhibit every other appearance of common 
electricity; as, on the other hand, by common electri- 
city, we can produce in miniature all the known effects 
of lightning. | 4 


Several amuſing experiments depend on this property 
of pointed bodies, to tranſmit the electric fluid, If a 
plate of tin be cut into the form of a ftar, and be ſup» 


ported 
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ported on its center D by a wire projecting from the 
prime conductor A B; as ſoon as the wheel of the ma- 
chine is turned, and this apparatus ele&rified, a flame 
will aypear at the extremity of every angle of the ſtar, 
which will be very beautiful; and if the ſtar be made 
to turn ſwiftly on its center, an entire circle of fire will 


be ſeen in the dark, This experiment will be very ſur- 


prizing to perſons unacquainted with electricity, if the 
operator now and then privately touch the prime con- 
ductor, which may eaſily be managed, as it is performed 
in che dark; for by this means he may command the 
appearing or diſappearing of the ſtar, or circle of fire, 
at pleaſure, | | 


If two ſharp pointed wires be bent, with the four 


ends at right angles, in the ſame plane, but pointing dif- 


ferent ways, and be made to turn upon a center D; the 
moment it is electrified a flame will be ſeen at the points 
abcd; but what is moſt ſurprizing in the experiment 
is, that the wire will, at the fame time, begin to turn 
round in the direction oppoſite to that to which, the 
points are turned, as if ſome viſible power acted upon 
the points, and puſhed againſt them; and if the electri- 
fication be continued, the motion will preſently become 
yery rapid, 


If the figures of horſes, cut in paper, be faſtened upon 
theſe wires, and they be ſo contrived that the points ſhall 
be in their tails, the experiment will be very beautiful; 
the hories will ſeem to purſue one another, though with- 
out a poſſibility of any of them overtaking the reſt; and 
this is called the electrical horſe- race. It is poſſible to 
make ſeveral of theſe wires, each having a conſiderable 
number of points bent backwards, with horſes, &c. faſ- 
tened to each of them, and turning one above another; 


Electrical 
horſe races 
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and then ſome of them may be contrived to move faſter 
than the others, They may alſo be made to move dif- 


ferent ways. 
Promiſcuous Experiments; 


THE reader in the courſe of this work muſt obſerve 
in ſeveral of the experiments already deſcribed, the re- 
markable property that points have, both of throwing 
off and receiving filently the electric fluid ; but hereafter 
T ſhall deſcribe ſome more curious experiments of this 
kind, by which the influence of points, in reſpect of 
electricity, may be better underſtood, and which may 
in a more particular manner demonſtrate the utility of 
metallic conductors to houſes or piles of building, in or- 
der to preſerve them from the damage often occaſioned 
by a ſtroke of lightning; which is one of the greateſt 
benefits that mankind has received from the ſcience 
of electricity. | 


The Dancing Balls. 


FIX a pointed wire on the prime conductor, with the 
point outward ; then take a glaſs tumbler, graſp it with 
your hands, and preſent its infide ſurface to the point of 
the wire on the prime conductor while the machine is in 
motion; the glaſs in this manner will ſoon become 
charged; for its infide ſurface acquires the electricity 
from the point, and its outſide loſes its natural quantity 
of electric fluid through the hands, which ſerves as a 
coating, This done, put a few pith-balls on the table, 
and cover them with this charged glaſs tumbler. The 
balls will immediately begin to leap up along the ſides 
of the glaſs, as repreſented, and will continue their mo- 
tion for a conſiderable time, | 


In this experiment the pith-balls are attracted and re- 
pelled 
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pelled by the electric fluid ſuperinduced upon the inſide 
ſurface of the glaſs, which they gradually conduct to 
the table, or other conducting body upon which the 
glaſs is ſet; at the ſame time that the outward ſurface 
of the glaſs acquires the electric fluid from the contigu- 
ous air. This experiment may be made more diverting 
by having a glaſs cylinder three inches long, and the 
ſame in width, open at both ends, with a braſs plate 
fixed on its top ; put any number of balls you pleaſe, 
and electrify the braſs cover, and the balls will dance 
with a very rapid motion, which will continue as long 
as the operator turns the machine, 


To prove that Glaſs and other Electrics become Conductors, 
when they are made very hot, 


IN order to aſcertain the conducting quality of hot 
reſinous ſubſtances, oils, &c. bend a glaſs tube in the 
form of an arch CEF, and tie a filk ſtring GCD to it, 
which ſerves to hold it by, when it is to be ſet near the 
fire: fill the middle part of this tube with roſin, ſealing- 
wax, &c. then introduce two wires, AE, BF, through its 
ends, ſo that they may touch the roſin, or penetrate a 
little way in it. This done, let a perſon hold the tube 
over a clear fire, ſo as to melt the roſin within it; at the 
ſame time, by connecting one of the wires A or B with 
the outſide of a charged jar, and touching the other with 
the knob of the jar, endeavour to make the diſcharge 
through the roſin, and you will obſerve that, while the 


roſin is cold, no ſhocks can be tranſmitted through it; 


but 1t becomes a conductor, according as it melts ; and 
when totally melted, then the ſhocks will paſs through 
it very freely. 


The 


Experi 
ment II. 
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IS an inſtrument repreſenting the fide of a houſe, ei- 
ther furniſhed with a metallic conductor, or not; by 
which both the bad effects of lightning ſtriking upon a 
houſe not properly ſecured, and the uſefulneſs of metal- 
lic conductors may be. clearly repreſented, A is a board 
about three quarters of an inch thick, and ſhaped like 
the gable end of a houſe. This board is fixed perpendi- 
cularly upon the bottom board B, upon which the per- 
pendicular glaſs pillar C D is alſo fixed in a hole about 
eight inches diſtant from the baſis of the board A. A 
ſmall hole ILM K about a quarter of an inch deep, and 
nearly one inch wide, is made in the board A, and is 
filled with a ſquare piece of wood, nearly of the ſame 
dimenſions. I mention nearly of the ſame dimenſions, 
becauſe it muſt go ſo eaſily into the hole, that it may 
drop off by the leaft ſhaking of the inſtrument, A wire 
LK is faſtened diagonally to this ſquare piece of wood, 
Another wire I H of the ſame thickneſs, having a braſs 
ball H ſcrewed on its pointed extremity, is faſtened 
on the board A; ſo alſo the wire MN, which is ſhaped 


in a ring at O. From the upper extremity of the glaſs 


pillar C D, a crooked wire proceeds, having a ſpring 
ſocket F, through which a double knobbed wire flips 
perpendicularly, the lower knob G of which falls juſt 
above the knob H. The glaſs pillar DC muſt not be 
made very faſt into the bottom board ; but it muſt be 
fixed ſo as it may be pretty eaſily moved round its own 
axis, by which means the braſs ball G may be brought 
either nearer or farther. from the ball H, without 
touching the part EF G. Now, when the ſquare piece 
of wood L MIK (which may repreſent the ſhutter 

of 
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of a window or the like) is fixed into the hole, ſo that 
the wire L K ſtands in the dotted repreſentation I M, 
then the metallic communication from H to O is com- 
plete, and the inſtrument repreſents a houſe furniſhed 
with a proper metallic conductor; but if the ſquare 
piece of wood L M I K is fixed fo that the wire L K 
ſtands in the direction L K, as repreſented in the Figure, 
then the metallic conductor H O, from the top of the 
houſe to its bottom, is interrupted at I M; in which caſe 
the houſe is not properly ſecured, 


Fix the piece of wood L MIX, ſo that its wire may 
be as repreſented in the Figure, in which caſe the me- 
tallic conductor H O is diſcontinued, Let the ball G 
be fixed at about half an inch perpendicular diſtance 
from the ball H, then, by turning the glaſs pillar D C, 
remove the former ball trom the latter: by a wire or 
chain, connect the wire E F with the wire Q of the jar 
P, and let another wire or chain, faſtened to the hookO, 
touch the outſide coating of the jar. Connect the wire 
Q with the prime conductor, and charge the jar: then, 
by turning the glaſs pillar D C, let the ball G come 
gradually near the ball H, and when they are arrived ſuf- 
ficiently near one another, you will obſerve tart the 
jar explodes, and the piece of wood LM] K is puſhed 
out of the hole to a confiderablediſtance from the thun- 
der-houſe. Now the ball G, in this experiment, repre- 
ſents an electrified cloud, which when it is arrived ſuf- 
ficiently near the top of the houſe A, the eleQricity 
ſtrikes it; and as this houſe is not ſecured with a proper 
conductor, the exploſion breaks part of it, i. e. knocks 
eff the piece of wood I M. | 


No, IV, I Repeat 


. — — 
— —— — 
— — oe. 


” 
— 9 
— 


* 4 
* 
— 8 
A 4 —— = 
— . 
— Rx 
h | 
_ 
— ——— ——A_TIES 3 
—————— — 
—— — K O©— a a 
- * — — = 
- —— 
— —— — — — 
A 
0 


LET” — — = — 


Fig- 12. 


88 AN INTRODUCTION TO 


| Repeat the experiment with only this variation, viz, 
that this piece of wood I M is ſituated ſo that the wire 
L K may ftand in the ſituation I M, in which caſe the 
conductor H O is not diſcontinued; and you will ob- 
ſerve, that the exploſion will have no effe& upon the 
piece of wood LM, this remaining in the hole un- 
moved; which ſhews the ufetulneſs of the metallic 
conductor. wy 
Further, unſcrew the braſs ball H from the wire HI, 
ſo that this may remain pointed, and with only this dif- 
ference in the apparatus, repeat both the above experi- 
ments; and you will find the piece of wood I M is in 
neither caſe. moved from its place, nor any exploſion 
will be heard, 


Of the Elefrital Battery. 


A number of coated jars connected together in ſuch: 
manner that their whole force may be united, and act 
like one jar, conſtitutes what is called an electrical bat- 
tery. This battery is the moſt formidable and enter» 
taining part of an electrical apparatus; and by its uſe 
many wonderful effects are produced. 


If a battery is required of no very great power, as 
containing about eight or nine ſquare feet of coated 
glaſs, I ſhould recommend to make uſe of common pint. 
or half pint phials, ſuch as apothecaries uſe. They 
may be eaſily coated with tin-foil on the outfafle, and 
braſs filings on the inſide; they occupy a ſmall ſpace, 
and on account of their thinneſs hold a very gaod charge. 
But when a large battery is required, then theſe phials 

| | cannot 
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cannot be uſed, for they break very eaſily ; and for that 
purpoſe cylindrical glaſs jars, of about fifteen inches 
high and four or five inches in diameter, are the moſt 
convenient. | 


When glaſs plates or jars, having a fufficiently large 
opening, are to be coated, the beſt method is to coat 
them with tin-foil on both ſides, which may be fixed 
upon the glaſs with paſte made of wheat-flour ; but in 
caſe the jars have not an aperture large enough to admit 
the tin- foil, and an inſtrument to adapt it to the ſurface 
of the glaſs, then braſs-filings, ſuch as are ſold by the 
pin-makers, may be adyantageouſly uſed; and they may 
be ſtuck with gum-water, bees wax, &, Care muſt be 
taken that the coatings do not come very near the mouth 
of the jar, for that will cauſe the jar to diſcharge itſelf, 
If the coating is about two inches below the top, it will 
in general do very well; but there are ſome kinds of glaſs 
eſpecially tinged glaſs, that when coated and charged, 
have the property of diſcharging themſelves more eaſily 
than others, even when the coating is five or fix inches 
below the edge, There 1s another ſort of glaſs like that 
of which Florence flaſks are made, which, on account 
of ſome unvitrified particles in its ſubſtance, is not ca- 
pable of holding the leaſt charge; on theſe accounts | 
therefore whenever a great number of jars are to be 
choſen for a large battery, it is adviſeable to try ſome 
of them firſt, ſo that their quality and power may be aſ- 
certained, | 


A battery compoſed of twelve jars coated in the inſide 
and outſide with tin- foil, which altogether contain about 
welve feet of coated glaſs, About the middle of each of 
theſe jars ig a cork that ſuſtains a wire, which at the top 
I 2 is 


Fig. 4. 


for as each of the wires F F is moveable round the wire 


ing rod. 
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is faſtened round, or ſoldered to the wire E, knobbed 
at each end; which connects the inſide coatings of three 
Jars; and by four wires ſuch as F F, the inſide coatings 
of all the twelve jars may be connected together. Each 
of the wires F, has a ring at one end, through which 
one of the wires E paſſes, and the other end has a braſy 
knob. If the whole force of the battery is not required, 
one, two, or three rows of jars may be uſed at pleaſure; 


E, which paſſes through its ring, and reſts upon the next 
wire E, it may be cafily removed from that, and turned 
upon the contrary wire E; and thus the communication 
between one row of jars and another may be diſconti- 
nued at pleaſure, Ses the Figure. 


The ſquare box that contains theſe jars is of wood, 
lined at the bottom with tin-foil, and has two handles on 
two oppoſite ſides, by which it may be eaſily remoy- 
ed. In one fide of the box is a hole, through which an 
iron hook paſſes, which communicates with the metal- 
lic lining of the box, and conſequently with the ourfide 
coating of all the jars, To this hook is faſtened a ware, 
the other end of which is connected with the diſchary- 


The diſcharging rod conſiſts of a glaſs handle A, and 
two curved wires B B, which move by a joint C, fixedto 
the braſs cap of the glaſs handle A, The wires B B art 
pointed, and the points enter the knobs D PD, to which 
they are ſcrewed, and may be unſcrewed from them: 
pleaſure, By this conſtruction we have the opportunit 
of uſing the balls or the points as occaſion requires; and 
as the wires are moveable by the joint C, they may be 
adapted to ſmaller or larger at pleaſure, 
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The battery repreſented in the plate, is a {mall one in 
compariſon to thoſe now frequently uſed, and much too 
weak for the purpoſe of ſome experiments. ButIthought 
it ſufficient to give an idea of its conſtruction; and when 
a large battery is to be conſtructed, I would recommend 
rather to make two, three, or more ſmall ones as repre- 
ſented in the plate, than a ſingle large battery, which 
is heavy, and, on ſeveral accounts, inconvenient. The 
force of ſeveral ſmall batteries may be eaſily united by 
a wire or chain; and thus they may be made to act in 
every reſpe& like a large one. The beſt conftruQtion of 
a battery is to have a wire from every jar, connected 
with a ball at the top, in form of a wire-cage, | 


The force of accumulated electricity, great as it ap- 
pears by the experiments performed with a ſingle coated 
jar, is very ſmall when compared with that which is pro- 


| duced by a number of jars connected together; and 


if the effects of a ſingle jar are ſurpriſing, the prodigious 
force ofa large battery is certainly aſtoniſhing, To ob- 
ſerve that the metals, even the moſt putrified platina, 
which reſiſts the greateſt efforts of chemic fire, are ac- 
tually, and almoſt inſtantaneouſly rendered red hot, and 
fuſed ; to ſee animals deſtroyed, and to hear the loud 
report of a large electrie battery, are things that always 
produce a kind of terror in the mind of an attentive ob- 
ſerver, Experiments of this kind ſhould be conducted 
with great caution ; and the operator ought to be atten- 
tive not only to the buſineſs in hand, but alſo to the per- 
ſons who may happen to be near him, prohibiting their 
touching, or even coming too near any part of the appa- 
ratus: for if a miſtake in performing other experiments 
may be difagreeable, thoſe in the diſcharge of a large 
battery may be attended with worſe conſequences, 
When 


Experi- 


ment IV. 


Fig. 14. 
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When a battery is to be charged, inſtead of a large 
«prime conductor, a ſmall one is much more convenient: 
for in{this caſe, the diſhpation of the electricity is not 
ſo conſiderable, The quadrant electrometer, which 
ſhews the height of the charge in the battery, may be 
fixed either upon the prime conductor, or upon the bat- 


tery; in which caſe, it ſhould be fixed upon a rod pro- 


ceeding from the wires of the jars; and if the battery be 
very large, it ſhould be elevated two or thre feet above 


them. 


The index of the electrometer in charging a large 
battery will ſeldom riſe ſo high as 90, becauſe the ma- 
chine cannot charge a battery ſo high in proportion as a 
ſingle jar. Its limit is often about 60® or 30, more or 
leis, in proportion to the ſize of the battery and the force 


of the machine. 


The Spider ſeemingly animated by Electricity. 


AN electric. jar, having a wire C DE, faſtened on its 
outſide, which is bended ſo as to have its knob E as high 
as the knob A. B is a ſpider made of cork with a few 
ſhort threads run through it to repreſent its legs, This 
{pider 1s faſtened at the end of a ſitk thread, proceeding 
from the cicling of the room, or from any other ſupport, 
ſo that the ſpider may hang mid-way between the two 


| knobs. A E, when the jar is not charged, Let the place 


of the jar upon the table be marked; then charge the jar 
by bringing its knob A, in contact with the prime con- 
ductor, and replace it in its marked place. The ſpider 
will now begin to move from knob to knob, and conti- 
nue this motion for a conſiderable time, ſometimes for 


ſeveral hours. 
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The inſide of the jar being charged poſitively, the ſpi- 
der is attracted by the knob A, which communicates to 
it a ſmall quantity of electricity: the ſpider then becom- 
ing poſſeſſed of the ſame electricity with the knob A, is 
repelled by it, and runs to the knob E, where it diſ- 
charges its electricity, and is then again attracted by the 


- knob A, and ſoon, In this manner the jar is gradually 

- diſcharged ; and when the diſcharge is nearly. complet- 

: ed, the ſpider finiſhes its motion. 

: The ira! Tube, 

, An inſtrument med of two 25 tubes C D, one Experi- 
2 within another, and cloſed with two knobbed braſs caps — 
r A and B. The innermoſt of theſe tubes has a ſpiral a 
e row of ſmall round pieces of tin- foil, ſtuck upon its out- 


fide furface, and lying at about one thirteenth of an 

| inch from each other. If this inſtrument be held by 
one of its extremities, and its other extremity: be pre- 
ſented to the prime conductor, every-ſpark that it re- 
ts ceives from the prime conductor, will cauſe ſmall ſparks 
hto appear between all the round pieces of tin-foil ſtuck 
W upon the innermoſt tube, which in the dark affords a 
1s Wl pleaſing ſpectacle, the inſtrument hee Id 3 
ag ſed by a ſpiral line of fire. 


vo The ſmall round pieces of tin- foil are ſometimes ſtuck 
ice upon a flat piece of glaſs A B C D, ſo as to repreſent 
jar ¶ curve lines, flowers, letters, &c. and they are illumin- 
ön- ated after the ſame manner as the ſpiral tube; i. e. by 
der holding the extremity C or B in the hand, * pre- 
t- ſenting the other extremity to the prime conductor when 
for ¶ the machine is in motion. They may alſo be fixed in 
any other poſition by having connccting wires. 
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Fig. 16, 


Fxperi- 
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To ſhew that the Electric Fluid prefers a ſhort Paſſage through 
the Air to a long one through 220d Conduclors. 


BEND a wire about ten feet long, at the ends of 
which fix a piece of glaſs G, to keep the parts AB at a 
proper diſtance, ſo that they may ſlide within half an 
inch of one anather if required; then connect the chains 
belonging to the ſliding wires with the hook of the bat- 
tery and the diſcharging rod, and ſend the charge of 
2 battery through it. On making the exploſion, a ſpark 
will be ſeen between A and B, which ſhews that the 


electric fluid chuſes rather a ſhort paſſage through the 


air than a long one through the wire. The charge, how- 
ever, does not paſs entirely through A and B, but part 
of it alſo goes through the wire, which may be proved 
by putting a ſlender wire between A and B; for on ma- 
king the diſcharge, with only this addition in the appa- 
ratus, the ſmall wire will hardly be made red-hot, where- 
as if the large wire A D B be cut in D, ſo as to diſconti ; 
nue the circuit A D B, the ſmall wire will de melted, and 
even exploded by the ſame ſhock that before made it 
ſcarcely red-hot, In this manner the conducting power 
of different metals may be tried, uſing metallic circuits 
of the ſame length and thickneſs, and obſerving the dif- 
ference of the paſſage through the air in each. 


To ſwell Clay, and break ſmall Tubes with Ekfric Exe 
gaben. 


ROLL up a piece of ſoft tobacco-pipe clay in a ſmall 
cylinder C D, and inſert in it two wires AB, ſo that their 
ends within the clay may be about a fifth part of an inch 

| ry from 
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from one another, If a ſhock be ſent through this 
clay, by connecting one of the wires A or B with the 
outſide of a charged jar, and the other with the infide, it 
will be inflated by the ſhock; i. e. by the ſpark that paſ- 
ſes between the two wires, and after the exploſion, will 
appear as repreſented, Fig. 23. If the ſhock ſent thro? 
it is too ſtrong, and the clay not very moiſt, it will be 
broken by the exploſion, and its fragment ſcattered in 
every direction 


To make this experiment with a little yariation, take 
a piece of the tube of a tobacco-pipe, about one inch 
long, and fill its bore with moiſt clay, then inſert in it 
two wires, as in the above rolled clay, and ſend a ſhock 
through it. This tube will not fail to burſt by the force 
of the exploſion, and its fragments will be ſcattered about 
to a great diſtance, 


If, inſtead of clay, the above-mentioned tube of the to- 


Fig. 23. 


bacco-pipe, or a glaſs tube (which will anſwer as well) 


be filled with any other ſubſtance, either electrie or non- 
electric, inferior to metal, on making the diſcharge, it 
will be broken in pieces with nearly the ſame force, 


An EleArometer : 


WHICH conſiſts of a lined thread, having at each 
end a ſmall cork or pich- ball. This cle&rometer is ſuſ- 
pended by the middle of the thread on any conductor 
proper for the purpoſe, and ſerves to ſhew the kind and 
quantity of its electricity, by applying a ſtick of ſealing 
wax excited, or an excited ſmooth glaſs tube to the balls, 
which will recede or collapſe when the above wax or 


tube-are applicd alternately. By this means it will ſhew 
No, V, | K whether 
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whether the conductor be charged poſitively or negative- 
ly; for if it be charged poſitively by applying the 
excited glaſs, the balls will recede ſtill further aſunder, 
and on applying the excited wax, they collapſe to- 
geiher, 


The Univerjal Diſcharger e 
WHICH is of extenfive uſe, and is compoſed of the 


following parts: A 1s a flat board fifteen inches long, 


four inches broad, and one thick, or thereabouts, which 
forms the baſis of the inſtrument. B B are two glaſs 
Pillars cemented in two holes upon the board A, and fur- 
niſhed at the top with braſs caps, each of which has a 
turning joint, and ſupports a ſpring tube, through which 
the wire D C ſlides. Each of theſe caps is compoſed 
of three pieces of braſs, conneRed ſo, that the wire D C, 
beſides its ſliding through the ſocket, has two other mo- 
tions, V1z. an horizontal and vertical one. Each of the 
wires DC, D C, is furniſhed with an open ring at one 
end, and at the other end has a brafs ball, D, which, by 
a ſhort ſpring ſocket, is ſlipt upon its pointed extremity, 
and it may be removed from it at pleaſure, E is a ſtrong 
circular piece of wood five inches in diameter, having, 
on its ſurface, a flip of ivory inlaid, and furniſhed with 
a ſtrong cylindrical foot, which fits the cavity of the 
focket F, which is faſtened in the middle of the bottom 
board, and has a ſcrew G, which ſerves to faſten the foot 
of the circular board E at any required height. 


To prove that the Electric Spark diſplaces and rarefics the Air. 


THE electrical thermometer being very uſeful to 
obſerve the effects of the electric exploſion upon a r, 
| the 
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the body of this thermometer conſiſts of a glaſs tube, A 
B, about ten inches long, and nearly two inches diame- 
ter; and cloſed air-tight at both ends by two braſs caps, 
Through a hole in the upper cap, a ſmall tube, H A, 
opens at both ends, is introduced in ſome water, at the 
bottom B of the large tube, Thro' the middle of each 
of the braſs caps, a wire FGEL is introduced, having a 
braſs knob withiathe glaſs tube, and by fliding through 
the caps, they may be ſet any diſtance from each other, 
This inſtrument is, by a braſs ring C, faſtened to the 
pillar of the wooden ſtand CD, that ſupports it. When 
the air within the tube A ; is rarched, it will preſs upon 
the water at the bottom of the tube, which will conſe» 
quently riſe in the cavity of the ſmall tube; and as this 
water riſes higher or lower, ſo it ſnews the greater orleſs 
rare faction of the air within the tube A B, which has no 
communication with the external air. 


If the water when this inſtrument is to be uſed, is all 
at the bottom of the large tube, i. e. none of jt is jn the 
cavity of the ſmall tube; it will be proper to blow with 
the mouth into the ſmall tube, and thus cauſe the Inter 
to riſe a little in it; where, for better regulation, a mark 
may be fixed. 


Bring the knobs G I of the wires I E, F G, into con- 
tact with one another, ther connect the ring E or F with 
one ſide of the charged jar, and the other ring with the 
other fide, by which operation a ſhock will be made to 
paſs through the wires I G, I E, i. e. between the knobs 
GI. In this caſe you will obſerve that the water inthe 
{mall tube is not at all moved from the mark; which 
ſhows that the paſſage of the electric fluid, through con- 
quctors ſufficiently large, occafions no rarefaction, nor 


diſplaces the air about them. | 
K 2 Pat 
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Put the knobs G la little diſtant from one another, and 
ſend a ſhock through them as before, and you will ſee 
that the ſpark between the two knobs not only diſplaces, 
but rarefies confiderably the air; for the water will 
be ſuddenly puſhed almoſt at the top of the ſmall 
tube, and immediately it will ſubſide a little; as for in- 
ſtance, as far as H; which is occaſioned by the ſudden 
diſplacing and replacing of the air about the place where 
the ſpark appeared within the tube A B. After that the 
water has ſubſided ſuddenly from the firſt riſing, it will. 
then gradually and {lowly come down to the mark at 
which it ſtood before the exploſion; which is the effe& 
of the air thatwas rarefied, and which gradually returns 
to its former temperature. 


If this experiment be made in a room where the de- 
gree of heat is variable, then proper allowance muſt be 
made for this circumſtance, in eſtimating the event of 
the experiment; for the electrical air-thermometer® is 
affected by heat or cold in general, as well as by that 
cauſed by an electric ſpark, 


The Courſe 0; of the Electric Fluid in the Diſcharge, rendergd 
viſible by the Star and Pencil. 


WHEN a jar is charged, take a diſchargingrod hay- 
ing its ends pointed) i. e. the»liſcharging rod repreſented 
in Fig. 4, without its knobs, and keep it as repreſented 
Fig. 15; i. e. in ſuch a ſituation, that one of its points 
C may be at about one inch diſtance from the knob A, 
and the other point B, at an equal diſtance from the out- 
fide coating of the jar: by theſe means the jar will be 
diſcharged filently ; and if its inſide be electrified poſi- 
uvely, you will ſee that the point of the diſcharging rod 

19 
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3s illuminated with a ſtar, and the point B with a pencil; 
becauſe, in this caſe, the electric fluid, going from the 
inſide to the outſide of the jar, enters the point C, and 
iflues from the point B. But if the jar is electriſied ne- 
gatively on the infide, and conſequently poſitive on the 


outſide, then the pencil of rays will appear upon the 


point C, and the ſtar upon the point B: for in this caſe 
the electric fluid paſſes from the outſide to the infide of 
the jar. This experiment, as well as any other in which 
the electric light is to be obſerved, requires to be made 
in the dark. 


The Leyden Vacuum. 


A SMALL phial coated on the outſide about three 


inches up the fide with tin-foil ; at the top of the neck 
of this phial a braſs cap 1s cemented, having a hole with 


a valve; and from the cap a wire proceeds a few inches 


within the phial, terminating in a blunt point. When 
this phial is exhauſted of air, a braſs ball is ſcrewed upon 
the braſs cap, which is cemented into its neck, ſo as to 
defend the valve, and prevent any air from getting into 


the exhauſted glaſs. The inſide of this phial requires no 


coating, becauſe, as the electric fluid pervades vacuum, 
it can paſs freely from the wire to the ſurface of the ex- 
hauſted glaſs, without the helpof a non- electric coating. 
This'phial exhibits clearly the direction of the electric 
fluid both in charging and diſcharging ; for if it be held 
by its bottom, and its braſs knob be preſented to the 
prime conductor poſitively electriſied, you will ſee that 
the electric fluid cauſeth the pencil of rays to proceed 
from the wire within thephial, as repreſented Fig, 21, 
and if it is diſcharged, a ſtar will appear in the place 


of 


Fig. 20s * 


Fig. 21. 
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of the pencil, as repreſented in Fig. 20. But if the 
phial is held by the braſs cap, and its bottom be 
touched by the prime conductor, then the point of the 
wire on its fide will appear illuminated with a ſtar when 
charging, and with a pencil when diſcharging. If it be 
preſented to a prime conductor electriſied negatively, all 
theſe appearances both in charging and diſcharging, 
will be reverſed, 


This experiment of the Leyden vacuum, exhibits an 
ocular demonſtration of the hypotheſis of a fingle ele. 
tric fluid. 


To make the Eleftric Spark viſible in Vater. 


FILL a glaſs tube of about half an inch diameter, and 
ſix inches long, with water, and to each extremities of 
the tube adapt a cork, which may confine the water; 
through each cork inſert a blunt wire, ſo that the extre- 
mities of the wires, within the tube, may be very near 
one another: laſtly, connect one of theſe wires with the 
coating of a ſmall charged phial, and touch the other wire 
with the knob of it; by which means the ſhock will paſs 
through the wires, and cauſe a vivid ſpark to appear be- 
tween their extremities within the tube. In perform- 
ing this experiment, care muſt be taken that the 
charge be exceeding weak, otherwiſe the tube will 


burſt, 


In a common drinking glaſs almoſt full of water, im- 

merge AB, which are two knobbed wires ſo bent, that 
their knobs may be within a little diſtance of one ano- 
ther in the water, If one of theſe wires be connected 


with the outſide coating of a pretty large jar, and the 
other 
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other wire be touched with the knob of it, the exploſion 
which muſt paſs through the water from the knob of 
one of the wires to that of the other, will diſperſe the 
water, and break the glaſs with a ſurpriſing violence. 
This experiment is very dangerous, if not conducted 
wich great caution. 


The Powder- Houſe 


IS an ingenious contrivance, and well adapted to the 
purpoſe : the front is fitted up like the thunder-houſe; it 
is generally made 7 or 8 inches long, and nearly theſame 
height to the top of the roof; the ſide and that half of 
the roof next the eye, is omitted in the figure, that the 
inſide may be more conveniently ſeen. The ſides, back, 
and front of the houſe are joĩned to the bottom by hinges: 
the roof is divided into two parts, which are alſo faſten- 
ed by hinges to the ſides; the building is kept together 
by a ridge fixed half-way on one fide of the roof, fo 
that when the building is put together, the other halfof 
the ridge laps over the other half of the roof, and holds it 
together, Within the houſe there is a braſs tube 13 
inch long, and 5-8ths of an inch in diameter ſcrewed on a 
pedeſtal of wood; into the fide of this braſs tube is 
{crewed a wire, which goes thro' i- dðth of an inch or better; 
the other end, by means of a chain, has a communication 
to the hook D; at the other fide of the tube a piece of 


wory,oneinch long, is ſcrewed, with a ſmall hole for the 


wire to ſlide into. 


To uſe this apparatus, fill the glaſs tube A with gun- 
powder, and ram the wire B a ſmall way into the ivory 
tube; then connect the hook C with the bottom of a 
large jar or battery; and when the jar, &c. is charged, 

form 


Plate IV. 
Fig. 3. 


Fig. 5. 
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form a communication from the book D to the top of 
the jar, &c. the diſcharge will then take place, and the 
exploſion of the gun-powder will throw aſunder the 
roof; and the ſides, the fore-front, and back-front will 
then fall down, * | 


The Pyramid, 

As repreſented, Fig. 4, is deſigned to ſhew the ſame 
experiments as the thunder-houſe, and is uſed in the 
ſame manner. When the piece A is thrown out by the 
diſcharge, the upper part of the pyramid falls down; it is 
uſually made to repreſent a ſtone ſteeple, and is compo- 
ſed of ſeveral pieces; by which means, when the diſ . 
charge is made, there appears greater devaſtation, 


The Luminous Mord. 


This experiment is exactly on the ſame principle as 
Fig. 18 and 19, Plate III. and the word is formed by the 
ſmall ſeparations made in the tin- foil; if they were cut a 


little round at every diviſion, the ſpark by that means 


would appear more vivid as it paſſed along the windings. 


It may be obſerved in making theſe experiments, that 
the longer any word is, andthe oftener the tin-foil is cut, 
the more powerful the machine muſt be, in order to con- 
vey the ſpark from one end to the other; becauſe every 
time the paſſage is interrupted by cutting, the ſpace is in- 
creaſed; and in long conveyances the ſpace will amount 
to more than the machine will be able to overcome. 
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Therefore the ſhorter the illuminations are, the more 
pleaſing they will appear, 


To ſhew how a Jar charges and diſcharges. 


Coat a jar, as repreſented Fig. 6, by paſting ſmall Fig. 6. 


pieces of tin- foil, at a little diſtance from each other, 
round its exterior ſurface, As this jar is charging, ſmall 
ſparks will paſs from one piece of tin-foil to another, in 
a variety of directions; the ſeparation of the tin- foil is 
the means of making the paſſage of the fluid, from the 


outfide of the jar to the table, viſible, Diſcharge this 


jar, by bringing a pointed wire gradually near the braſs 
ball, and the. uncoated part of the glaſs, between the 
pieces of tin-foil, will be pleaſantly illuminated, and 
make a crackling noiſe z but if the jar is diſcharged ſud- 
denly, the whole outſide ſurface will appear illuminat- 
ed. The glaſs muſt be very dry to produce theſe appear- 
ances to the greateſt advantage, 


How to make Inflammable Air that will take Fire by the 
Elecr ic Spar E. 


Procure two bottles, as repreſented A D, Fig. 8; in 
the bottle D put about 2 or 3 ounces of iron filings, to 
which put ſome oil of vitriol, mixed with four times its 
quantity of water, fill the bottle A with water, and fix 
the bended glaſs-pipe C air-tight into the bottle D, and 
the other end a little way up the neck of the bottle A, 
and in a ſhort time the mixture will boil, and emit a 


fluid, which will paſs through the bended tube C into 


N O0. V. f L * the 
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the bottle A, and will at laſt fill it; expelling the water 
into the baſon B, The bottle A 1s then OY 
corked up for uſe, 


The Eleftrical Piſtol 


Is repreſented by a, b, c, d, e, Fig. 93 c, a, is made 
of thin braſs; to the mouth a, b, a cork is fitted; and a 
perforated piece of braſs e, ſcrews on the bottom of the 
piſtol at e, having a glaſs tube with a wire cemented in» 
to it, bended over the glaſs tube, ſo as to reach within 
one · eighth of an inch of the braſs ; when the piſtol is tb 
be charged uncork the inflammable air-bottle, likewiſe 
the piſtol, and place the mouth of the piſtol upon the 
top of the bottle, and the common air which is within 
the piſtol will deſcend while the other aſcends ; keep the 
piſtol in this ſituation a few ſeconds, according to the 


ſtrength of the inflammable air, then expeditiouſly cork 


both the bottle and piſtol, and it is charged. To di 
charge it fill a ſmall jar or a hollow handle, and apply it 
to the little knob of the wire e, it will then explode, and 
drive out the cork to a confiderable diſtance, making a 


report as loud as a piſtol filled with gunpowder. 


The Cutan of a fingl hy put into Motion , 
Eleclricity. 


THIS orrery is for ſhewing the earth's motion round 


its ax1s in twenty-four hours, the age of the moon from 
change to change, and all her various phaſes during 
that time, A 1s the horizontal board or ſtand of this 
machine, and B is the great wheel, with eighteen floats 
or wings for the cleric ſtream to act upon; and turn 
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the wheel according to the order of the letters a b e d. 
On the axis of this wheel is a trundle C, of eight ſtaves, 

for turning the wheel F, of thirty-two teeth, on whoſe 

axis is a trundle G, of eight ſtaves, for turning the 

wheel H, of fifty- nine teeth, which will go once round 

in the time the great wheel A goes twenty- nine and a 

half. A little hollow globe D, repreſenting the earth, 

with its meridians, equator, tropics, polar circles, and 

poles, is put upon the top of the axis of the great wheel 
A, and on the ſame axis is an index E, which goes round 
a ſmall dial plate e of twenty-four hours, in the time 
that the earth D turns round. And an ivory ball J is 
placed on the top of the axis of the wheel N, half black, 

half white, to repreſent the moon; below which, on the 
ſame axis, is an index K, which goes round a ſmall plate 
k divided into twenty- nine and a half equal parts, for the 
days of the moon's age from change to change. 80 
that, in the time the great wheel A, the earth D, and 
hour- index E, make twenty - nine and a half revolutions, 
the moon I and her index K make only one; and in 
that time, by ſhewing herſelf all round to the obſervers, 
they ſee all her different phaſes or appearances, like 
thoſe of the real moon in the heavens. 


Having ſet the orrery near the prime conductor, Erperi- 
place a crooked wire from the conductor, ſo as its point KI. 


may be even with the great wheel B, and tend to turn it 
in the direction a bed; turn the glaſs globe of the 
electrical machine by the winch, and a ſtream of fire will 
iſſue from the wire to the wheel, and turn the whole of 
the moveable work; by which means, the earth D will 
be turned round its axis, from weſt-by- ſouth to eaſt : 
and, in ſuch turn of the earth, the index E will go round 
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all the twenty-four hours on the dial plate e. In the 
time the earth and index turn 293 times round, the moon 


I, will turn once round her axis, ſhewing all her various 


phaſes; and the index K will go over all the 293 days 
of the moon's age on the plate K. 


A Model of a Water- Mill turned by a Stream of Electric Fire, 


A MODEL of a common mill for grinding corn, 
A is a water-wheel, B the cog-wheel on its axis, C the 
trundle turned by that wheel, and D the running mill- 
ſtone on the top of the axis of che trundle. It may eaſily 
be contrived and turned alſo by electricity, if inſtead 
of the round plate D for the mill-ſtone, there be a hori- 
zontal wheel onthe axis of the trundle C with ſpur-cogs, 
which will turn two trundles placed on its oppoſite ſides; 
and on the top of each of theſe trundles axis, may be a 
round plate repreſenting a mill-ſtone; ſo that this model 
has all the working parts of a double water-mill, turn- 


ing two mill-ſtones, 


Set the mill near the prime conductor, and place the 
crooked wire ſo as its point may be directed toward the 
uppermoſt ſide of the great wheel A. Then turn the 
glaſs globe by the winch, and the ſtream of fire that iſſues 
from the point of the wire will turn the wheel; and con- 
ſequently all the other working parts of the mill, 


Another Electrical Orrery, ſhewing the Motion of the Sun, 
Earth, and Moon. v1 


THE fan and earth go round the-common center of 
gravity between them in a ſolar year; and the earth and 
moon go round the common center of gravity between 


them 


* — 
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chem in a lunar month. Theſe motions are repreſented 
by an electrical experiment as follows: ä 


The ball S repreſents the ſun, E the earth, and M the 
moon, connected by wires a e and b d: a is the center 
of gravity between the ſun and earth, and b is the 
center of gravity between the earth and moon. Theſe 
three balls and their connecting wires, are hung and ſup- 
ported on the ſharp point of a wire A, which is ſtuck 
upright in the prime conductor B of the electrical ma- 
chine; the earth and moon hanging upon the ſharp point 


of the wire c a e, in which wire 1s a pointed ſhort pin, 


ſticking out horizontally at e; and there isjuft ſuch ano- 


ther pin at d, ſticking out in the ſame manner, in the 
wire that connects the earth and the moon, 


When the globe of the electrical machine is turned, 
the above-mentioned balls and wires are electrified: and 
the electrical fire, flying off horizontally from the point 
e and d, cauſe Sand E to move round their common cen- 
ter of gravity a; and A and M to move round their com- 
mon center of gravity b. And as E and M are light 
when compared with S and E, there is much leſs friction 
on the point b than upon the point a; ſo that E and M 
will make many more revolutions about the point b, than 
8 and E make about the point a. The weights of the balls 
may be adjuſted ſo, that E and M may go twelve times 
round b in the time that S and E go once round a, It 


makes a good amuſing experiment in electricity; but it 


is ſo far from proving that the motions of the planets in 
the heavens are owing to a like cauſe, that it plainly 


proves they are not: —for the real fun and planets are 
not connected by wires or bars of metal; and conſe- 


quently there can be no ſuch metallic points as c and d 
between 
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between them, And without ſuch points, the electrie 
fluid would never cauſe them to move: for, take away 
theſe points in the above mentioned experiment, and 
the balls will continue at reſt, let them be ever ſo 
ſtrongly electrificd. 


The Elefrified Capillary Syphon, 


LET a ſmall bucket of metal, full of water, be ſuſ- 


- pended from the prime conductor, and put in ĩt a glaſs ſy- 


phon, of ſo narrow extremity as the water will juſt drop 
from it, If in, this diſpoſition of the apparatus the winch 
of the machine be turned, the water which, when not 
electrified, only dropt from the extremity of the ſyphon, 
will now run in a full ſtream, which will even be ſubdi- 
vided into other ſmaller ſtreams; and if the experiment 


be made in the dark, it will be beautifully illuminated, 
and like a fountain with ſtreams of fire; which may be 


made to ſtop apparently by the word of command, by 
touching the prime conductor. 


The Duadrant Electrometer. 


The only inſtrument that can with propriety be cal- 
led an electrometer; that is, ſuch as meaſures the preciſe 
degree to which any body is electrified, is as follows: A 
is a very light rod, that turns on the center of a ſemi- 
circle B, ſo as always to keep pretty near its graduated 
limb : at the extremity of the rod is a cork ball C. D 
is the pillar thatſupports the rod, and may be either fixed 


to the prime conductor, or let into the braſs knob of a 
jar 


ö 
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jar or battery, or be ſet on a ſtand to ſupport itſelf, The 
whole inſtrument may be made of wood or ivory; but is 
found moſt perfect when the pillarand rod, or index, are 
of box, made very ſmooth with emery paper: the ball of 
cork, and the ſemicircle ivory, as the diviſions on that 
are more legible than on wood, 


The moment this inftrument begins to be electrified, 
the rod is repelled by the pillar, and conſequently be- 
gins to move over the edgeof the ſemicircle, and ſhews, 
to the greateſt preciſion, the degree to which the prime 
conductor 1s electrified; or how high any jar or battery 
is charged. As the materials of which this inſtrument 
is made are very imperfect conductors, it will very rarely 
diſſipate any of the electricity of the prime conductor, 
&c. with which it is connected: but if it be found, by a 
trial in the dark, that any part of it collects the electric 
matter, it muſt be placed before the fire to dry off the 
damp, particularly from the index; it ſhould not how- 
ever be much heated, for then it will not receive the 
electricity ready enough, and the motion of the index 
will not anſwer with ſufficient accuracy to the degree 
of electricity in the body with which it is in contact: 
but this inconvenience may be eaſily remedied by moiſ- 
tening the pillar and the index; for the ſemicircle can 
never be too dry, 


It is evident, from the conſtruction of this inftrument, 
that the force of different exploſions may be aſcertained 
by it, before the diſcharge, with the preateſt accuracy, 
If a jar be charged with poſitive electricity, and you 
want to know the preciſe time, while you are attempting, 
to charge it negatively, that it becomes diſcharged, 
watch the moment the index comes to the perpendicular 
ſation, which may be obſerved without the leaſt danger 

of 
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of a miſtake, and you will then find there is not the leaſt 
ſpark left in the jar. If you continue the operation, the 


index will begin to advance again; and thereby ſhew 
the exact quantity of the oppoſite electricity the jar has 


acquired. 


Avery uſeful Iuſtrument to cure the Tooth- Ah. 


THE inftrument A is a flat ſquare pieceof box-wood, 
about an inch broad, anda quarterof an inchthick: two 
longitudinal holes are made quite through it, near its op- 
poſite edges, through which the braſs wires a b e and d 
e fare put while they areftraight ; then fixed with ſeal- 
ing-wax, and bent as in the figure, fo as to receive the 
tooth and gum between their points c and f, which muſt 
not be made too ſharp for fear of hurting the gum, 
When it is uſed, two chains g and h muſt be hooked to 
the other ends of the wires, and holding it on the gum, 


with the tooth between the ends of e and fofthe wires a 


be anddef, hook the chains g and h on the other ends 
of theſe wires; put the other end of a chain g round the 
bottom of a jar, and caule an aſſiſtant to hold the chain 
h, hanging down from his hand; the chains not 
touching one another, and both of them clear of the ta- 
ble. Then having charged the jar, deſire the aſſiſtant to 


: ſtrike the prime conductor with the looſe end of the 


chain h; this will diſcharge the jar, and give the perſon 
a ſhock, which will be felt only in the tooth and gum 
that is taken in between the wires at c and f. 
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Practical Rules concerning the Uſe of the Electrical Apparatus, 
and the performing of Experiments. | 


IT often happens that young electricians are at a loſs 
to aſſign the reaſon why ſome experiments do not ſuc- 
ceed with them, as deſcribed in the Treatiſes on Electri- 
city. Sometimes they are in poſſeſſion of very good in- 
ſtruments; but by reaſon of ſome circumſtance or other, 
unattended to, they are quite uſeleſs in their hands, 
This indeed can be remedied by nothing but practice; 


and it is by long uſe that the electrician, as well as the 


practitioner in any art or ſcience, becomes ſo good an 
operator, as to uſe his inſtruments to the beſt advantage, 
A few rules are however very neceſſary to guide him in 


his operations; and although theſe alone are inſufficient 
to make a perſon a complete practical electrician, yet, 
when accompanied with the actual management of the 


apparatus, they facilitate the uſe of it, and render the 
performance of the experiments n more accurate and ex- 
peditious, 


The firſt thing that the young electrician ſhould ob- 
ſerve, is, the preſervation and care of his inſtruments, 
The electrical machine, the coated jars, and in ſhort, 
every part of the electrical apparatus, ſhould be kept 
clean, and as free as poſſible from duſt and moiſture, 


: When the weather is clear, and the air dry, eſpecially 
in clear and froſty weather, the electrical machine will 
always work well: But when the weather is very hot, 
the machine is not ſo powerful; nor in damp weather, 
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except it be brought into a warm room, and the cylin« 
der, the ſtands, the jars, &c. be made thoroughly dry, 


Before the machine is uſed, the cylinder ſhould be 
firſt wiped very clean with a ſoft linen cloth that 1s dry, 
clean, and warm; and afterwards with a clean hot flan- 
nel, or an old filk handkerchief ; this done, apply a little 
amalgam, and turn the winch, and it will ſoon be per- 
ceived that the electric fluid will come like a wind from 
the cylinder to the knuckle ;j and, if the motion be a lit- 
tle continued, ſparks and crackling will ſoon follow, 
This indicates that the machine is in good order; and 
the electrician may proceed to perform his experiments, 


But if, when the winch is turned for ſome time, no wind 


is felt upon the knuckle, then the fault 1s, very likely, in 


the rubber; and to remedy that, uſe the following di- 


rections: By unſcrewing the ſcrews on the back of the 
rubher, remove it from its glaſs pillar, and keep it a lit- 
tle near the fire, ſo that its ſilk part may be dried: take 
now a piece of dry mutton ſuet, or a little tallow from 
the candle, and juſt paſs it over the leather of the rubber, 


and then the machine cannot fail but be fit for uſe. 


Sometimes the machine will not work well, becauſe 
the rubber 1s not ſufficiently ſupplied with electric fluid; 
which happens when the table upon which tue machine 
ſtands, and to which the chain of the rubber is connect- 
ed, is very dry, and conſequently in a bad conducting 
ſtate. Even the floor and the walls of the room are, 
in very dry weather, bad conductors, and they cannot 
ſupply the rubber ſufficiently. In this caſe the beſt ex- 
pedient is, to connect the chain of the rubber by means 
of a long wire, with ſome moiſt ground, or with the 
iron- work of a water; pump; by which means the rub- 


ber 


22 — — —— 0 Foy «4 — 0 


1. 


N 
> 
} 


USEFUL KNOWLEDGE. 83 


ber will be ſupplied with as much electric fluid as is re- 


quired, 


When a ſufficient quantity of amalgam has been ac- 
cumulated upon the leather of the rubber, and the ma- 
chine does not work very well, then, inſtead of putting 
more amalgam, it will be ſufficient to take the rubber 
off, and to ſcrape a little off that which 1s already upon 
the leather, | 


It will be often obſerved, that the globe or cylinder, 
after being uſed ſome time, contracts ſome black ſpots, 
occaſioned by the amalgam, or ſome foulneſs of the 
rubber, which grow continually larger, and greatly ob- 
ſtruct its eleAric power. Theſe ſpots muſt be carefully 
taken off, and the cylinder muſt be frequently wiped, 
in order to prevent its contracting them. 


In charging electric jars in general, it muſt be obſer- 
ved, that every machine will not charge them equally 
high, That machine whoſe electric power is the 
ſtrongeſt, will always charge the jars higheſt. If the 
coated jars, before they are uſed, be made a little warm, 
they will receive, and hold the charge the better, 


If ſeveral jars are connected together, among which 
there is one that 1s apt to diſcharge itſelf very ſoon, then 
the other jars will alſo be ſoon diſcharged with that; 
although they may be capable of holding a very great 
charge by themſelves, When electric jars are to be 
diſcharged, the electrician muſt be cautious leſt, by 
ſome circumſtance not adverted to, the ſhock ſhould 
paſs through any part of his body; for an unexpected 
ſhock, though not very ſtrong, may occaſion ſeveral diſ- 
agrecable accidents. In making the diſcharge, care 
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except it be brought into a warm room, and the cylin- 
der, the ſtands, the jars, &c. be made thoroughly dry, 


Before the machine is uſed, the cylinder ſhould be 
firſt wiped very clean with a ſoft linen cloth that 1s dry, 
clean, and warm; and afterwards with a clean hot flan- 
nel, or an old filk handkerchief ; this done, apply alittle 
amalgam, and turn the winch, and it will ſoon be per- 
ceived that the electric fluid will come like a wind from 
the cylinder to the knuckle; and, if the motion be a lit- 
tle continued, ſparks and crackling will ſoon follow, 
This indicates that the machine is in good order; and 
the electrician may proceed to perform his experiments, 


But if, when the winch is turned for ſome time, no wind 


is felt upon the knuckle, then the fault 1s, very likely, in 
the rubber; and to remedy that, uſe the following di- 
rections: By unſcrewing the ſcrews on the back of the 
rubher, remove it from its glaſs pillar, and keep it a lit- 
tle near the fire, ſo that its filk part may be dried: take 
now a piece of dry mutton ſuet, or a little tallow from 
the candle, and juſt paſs it over the leather of the rubber, 
and then the machine cannot fail but be fit for uſe. 


Sometimes the machine will not work well, becauſe 
the rubber is not ſufficiently ſupplied with electric fluid 
which happens when the table upon which tle machine 
ſtands, and to which the chain of the rubber is conneQ- 
ed, is very dry, and conſequently in a bad conducting 
ſtate, Even the floor and the walls of the room are, 
in very dry weather, bad conduQors, and they cannot 
ſupply the rubber ſufficiently. In this caſe the beſt ex- 
pedient is, to connect the chain of the rubber by means 
of a long wire, with ſome moiſt ground, or with the 
iron- work of a water; pump; by which means the rub- 
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ber will be ſupplied with as much electric fluid as is re- 


quired, 


When a ſufficient quantity of amalgam has been ac- 
cumulated upon the leather of the rubber, and the ma- 
chine does not work very well, then, inſtead of putting 
more amalgam, it will be ſufficient to take the rubber 
off, and to ſcrape a little off that which 1s already upon 
the leather, | 


It will be often obſerved, that the globe or cylinder, 


after being uſed ſome time, contracts ſome black ſpots, 
occaſioned by the amalgam, or ſome foulneſs of the 
rubber, which grow continually larger, and greatly ob- 
ſtruct its electric power, Theſe ſpots muſt be carefully 
taken off, and the cylinder muſt be frequently wiped, 
in order to prevent its contracting them. 


In charging electric jars in general, it muſt be obſer- 
ved, that every machine will not charge them equally 
hich, That machine whoſe electric power is the 
ſtrongeſt, will always charge the jars higheſt, If the 
coated jars, before they are uſed, be made a little warm, 
they will receive, and hold the charge the better. 


If ſeveral jars are connected together, among which 
there is one that 1s apt to diſcharge itſelf very ſoon, then 
the other jars will alſo be ſoon diſcharged with that; 
although they may be capable of holding a very great 
charge by themſelves, When electric jars are to be 
diſcharged, the electrician muſt be cautious left, by 
ſome circumſtance not adverted to, the ſhock ſhould 
paſs through any part of his body; for an unexpected 
ſhock, though not very ſtrong, may occaſion ſeveral diſ- 
agrecable accidents, In making the diſcharge, care 
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muſt be taken that the diſcharging rod be not placed on 
the thinneſt part of the glaſs; for that may cauſe the 
burſting of the jar. | 


When a large battery is diſcharged, jars will be often 
found broken in it, which burſt at the time of the diſ- 
charge, To remedy this inconvenience take this me- 
thod ; which 1s, Never to diſcharge the battery through 
a good conductor, except the circuit be at leaſt five feet 
long. Mr. Nairne ſays, that ever ſince he made uſe of 
this precaution, he has diſcharged a very large battery 
near a hundred times, without ever breaking a ſingle jar; 
whereas before, he was continually breaking them, But 
here it muſt be conſidered, that the length of the circuit 
weakens the force of the ſhock proportionably ; the 
higheſt degree of which is in many experiments re- 
_ quired, 


It is adviſeable when a jar, and eſpecially a battery, 
has been diſcharged, not to touch its wires with the 
hand before the diſcharging rod be applied to its-ſides a 
ſecond, and even a third time; as there generally re- 
mains a reſiduum of the charge: this reſfiduum is occa- 
ſioned by the electricity, that, when the jar is charging, 
ſpreads itſelf over the uncoated part of the glaſs near the 
coating, which will not be diſcharged at firſt, but grad- 
ually returns to the coating after the firſt diſcharge, 
which 1s ſometimes very confiderable, | 


When any experiment is to be performed, which re- 
quires but a ſmall part of the apparatus, the remaining 
part of it ſhould be placed at a diſtance from the ma- 
chine, the prime conductor, and even from the table, if 


that is not very large. Candles, particularly, ſhould be 
placed 
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placed at a conſiderable diſtance from the prime con- 
ductor; for the effluvia of their flames carry off much of 
the electric fluid. 

Laſtly, The young electrician ſhould be cautioned 
not to depend on firſt appearances in electricity. A new 
phenomenon may juſtly excite his curioſity : it is laud- 
able to remark it, and to purſue the hint 5 but at the 
ſame time even the doubtful aſſertion of a new fact 
ſhould never be made, till after a number of ſimilar and 
concurring experiments. EleQricity is a ſcience that 
often deceives the ſenſes; and the moſt experienced 
electrician frequently finds himſelf miſtaken in things, 
which perhaps he may have before confidered as the 
moſt certain, 


In many electrical experiments, it is very convenient 
to have a method of determining, whether a ſmall de- 
gree of electricity be poſitive or negative; and in uſing 
large batteries, it is a matter of conſequence to know 
how-the charge advances, and of what ftrength it is, 
Mr, Canton's balls are extremely uſeful for both theſe 
purpoſes. They are made of the pith of elder, turned 
perfectly globular, and ſuſpended from the conductor 


by fine threads, 

To underſtand the uſe of them, ſuppoſe a jar or bat- 
tery ſtands upon the table, and I want to know whether 
the infide be charged poſitively or negatively.” In order 
to this, I preſent the balls, and they are immediately at- 
trated by the wire, and diverge from one another, This 
is common to both electricities; and the greater the dif- 


tance to which the balls ſeparate, and the farther they 


repel one another, the higher is the charge. To deter- 
# | | mine 
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mine of what kind it is, I rub a ſmall piece of glaſs - 
(which I carry about me for the purpoſe) againſt my 
hand or coat, which I know will excite it poſitively, and 
then preſent it to the balls in their diverging ſtate, If it 
makes the balls converge, and conſequently avoid the 
glaſs, it ſhews that they are electrified poſitively, as well 

as the glaſs. On the contrary, if it increaſe their di- 
vergency, and attract them, it ſhews their electricity to 
be of a kind oppoſite to that of the glaſs; that is, nega- 
tive. And it muſt be remembered, that the electricity 
of the balls (which do not touch, or receive any electri- 
city from the wires of the jar or battery) is always con- 
1 trary to that with which they are charged; for all bo- 
dies placed within the influence of electrified bodies, are 


affected with the contrary electricity. 


In order to aſcertain the kind of an exceeding ſmall 
degree of electricity, it will be convenient to have a very 
light body; as a piece of downy feather hanging by a 
filken thread. This light body, when it is once electri- 
fied, either poſitively or negatively, will retain its virtue 
a long time, with very little loſs. If then any body (the 
electricity of which is unknown) be brought to it, the 
feather will be repelled by it, if it be of the ſame kind 
with its own, and attracted if it be the contrary to it, 
The filk, by which it is ſuſpended, ſhould be a fingle 
thread, as it comes from the worm; or at leaſt a very 
{ew of thoſe threads; and the whole ſhould be as light! 


as poſſible. 


The Electrophorus. 


IT conſiſts of two plates, A and B, made of a circular 
form, from fix to eighteen inches diameter, or upwards, 
The upper plate is generally made of braſs ; but a tin 


plate, with a wire turned 1n upon its edge, will anſwer 
= exceeding 
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exceeding well. At the center of this plate there is a 
ſocket o, in which a glaſs handle I (nine or ten inches 
long) is fixed.. A thin board, covered with tin-foil 
and ſuſpended by filken ftrings, will anſwer well, when 
the electrophorus is wanted of a large diameter, 


The under plate may be made of glaſs, ſealing-wax, 
or of the following compoſition, viz, Four parts roſin, 
three parts pitch, three parts ſhel-lac, two parts Venice- 


turpentine, melted together over a gentle fire. It may 


be poured and ſpread upon a thin linen cloth about one- 
fourth of an inch thick, The linen cloth muſt be 
ſtretched upon a hoop, and made as tight as poſſible, If 
che ſurface be a little rough, it will be no worſe. 


The manner of uſing this machine is as follows: — 
Rub the coated fide of the under plate A with new fine 
flannel, or a hare or cat's ſkin 5 and when it is excited as 
much as poſſible, ſet it on a table, and place the upper 
plate upon it, and put your finger on-the upper plate : 
then take your finger off and take hold of the top of the 
glaſs handle I, and apply it to the knob of @ coated jar, 
Repeat this operation for 30 or 40 times, and the jar 
will become-charged, 


Mr. Cavallo mentions one of the above kind which 


he made, with which he charged a coated phial ſeveral . 


times (by once exciting) ſo ſtrong as to pierce a hole 
through a card at every diſcharge, 


When a glaſs 1s coated with ſealing-wax, after it 1s 
excited and laid with the waxed fide downward, and the 
glaſs uppermoſt, then on making the uſual experiment 
of putting the metal plate on it, and taking the ſpark, 

&e. 
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&c. it will be attended with contrary electricity to what 
it had before, 


Medical Electricity. 
BEFORE we conclude the ſubject, it will be necef- 


fary to give ſome rules, in order to explain a few prac- 
tical experiments of applying medical electricity: and 
firſt, It ſhould be attentively obſerved, to apply the 
ſmalleſt force of electricity, which may be ſufficient to 
remove or alleviate any diſorder. The chief difficulty 
conſiſts in diſtinguiſhing the proper ſtrength of the 
electric power that is required for a given diſorder. The 
ſex and condition of the patient muſt be duly confider- 
ed; and, in regard to this point, it is impoſſible to give 
any exact and invariable rules; the circumſtances being 
of ſuch a nature, and ſo various, that long experience, 
and a ſtrict attention to every particular phenomenon, 
are the only means by which proper inſtructions may be 
received. The ſureſt rule that can be given relating to 
this particular, is to begin with the moſt gentle treat- 
ment; at leaſt ſuch that, conſidering the conſtitution 
of the patient, may be thought rather weak than ſtrong. 
When this gentle treatment has been found ineffectual 
for a few days, which is denoted by the diſeaſe not 
abating, and the application of electricity not cauſing 
any material alteration, then the operator may grad- 
ually increaſe the force of electricity until he finds the ˖ 


proper degree of it. 


In judging of caſes proper to be electrified, experience c 
ſhews, that in general, all kinds of obſtructions, whether n 
of motion, of circulation, or of ſecretion, are very often t 


removed or alleviated by electricity. The ſame may 
allo 


alſo be ſaid of nervous diſorders; both which include a 
great variety of diſeaſes. The application of electricity 
has alſo been found very beneficial in diſeaſes of a long 
ſtanding. It has likewiſe been found a powerful remedy 
in muſcular contractions. But when any limb of the 


body is deprived of motion, it muſt be obſerved, that 


the deprivation of motion is not always originated by a 
contraction of the muſcles ; but that it is often occa- 
ſioned by a relaxation: thus, for inſtance, If the hand 


is bent inwardly, and the patient has no power of 


ſtraightening it, the cauſe of it may be a weakneſs of 
the outward muſcles, as well as a contraction of the in- 
ward ones. In ſuch caſes it is often difficult, even for 
good anatomiſts to diſcover the real cauſe; but the ſureſt 
method is to electrify, not only thoſe muſcles which are 
ſuppoſed to be contracted, but alſo their antagoniſts ; 
tor to electrify a ſound muſcle is by no means hurtful, 


Rheumatic diſorders, even of long ſtanding, are re- 
lieved, and generally quite cured, by only drawing the 
electrie fluid with a point from the part, or by drawing 
ſparks from the conductor: the operation ſhould be 
continued for about four or five minutes, repeating it 
once or twice every day. When ſtrong ſhocks are ad- 
miniſtered, their greateſt number ſhould not exceed a 
dozen or fourteen, except when they are to be given to 
the whole body in different directions. 


The inſtruments which, beſides the electrical ma- 
chine and its prime conductor, are neceſſary for the ad- 
miniſtration of medical electricity, may be reduced to 


three, viz. an electric jar, with Mr, Lane's electrometer; 
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an inſulated chair, or an inſulated ſtool, upon which 2 
common chair may be occaſionally ſet, and the directors. 


Repreſents the electric jar, with Mr. Lane's electro- 


meter, and the manner in which the ſhocks are ſent thro! 


any part of the body. The ſurface of the jar, which i 18 
coated with tinfoil, ſhould be about four inches in dia: 
meter, and fix inches high, which is equal to about ſe. 
venty-three ſquare inches. The braſs wire, which paſſes 
thro the covering of the jar, and touches the inſide coat- 


ing, has a braſs ball F, to which the electrometer F DE 


is faſtened : and proceeding a little farther up, termin- 
ates in another braſs ball B, which ſhould be ſo high as 
to touch the prime conductor A, which is ſuppoſed to 


ſtand before the electrical machine, The electrometet 


conſiſts in a glaſs ſtick, F D, cemented to two braſs 
caps, Fand D; from the latter of which a ſtrong per- 
pendicular braſs wire proceeds, the extremity of which 
comes as high as the center of the ball B, and is furniſh- 
ed with an horizontal ſpring ſocket, through which the 
wire CE, having the braſs ball C at one end, and the 
open ring E at the other, may be ſlided backwards and 
reward ſo as to ſet the braſs ball C at any required 
diſtance from the ball B, This diſtance, at moſt, need 
not be greater than half an inch; hence the electrometer 
may be made very ſmall. Sometimes ſmall diviſions are 
marked upon-the wire C E, which ſerve to ſet the balls 
B and Cat a given diſtance from one another with more 
readineſs and preciſion. Now, ſuppoſe that the jar is 
{et contiguous to the prime conductor; that is, with 


the ball B touching the conductor; that the ball C be {et . 


at 1-loth of an inch diſtant from the ball B; and that, 
by means of a chain, a conducting communication be 
formed from E to the outſide coating of the jar, by a 

: chain 
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chain x. In this caſe, if the eleArieal machine be put 
in motion, the j jar will be charged ; and when the charge 
is ſo high as that the electric fluid accumulated within 
the jar can leap from the ball B to C, which we have 
ſuppoſed to he 1-10th of an inch aſunder, the diſcharge 
will happen, and a ſpark appear between the ſaid balls, 
and the ſhock paſſes through the chain x : for the part 
FD of the electrometer being of glaſs, generally cover- 
ed with ſealing- wax, is 1 imperyious to electricity, conſe- 
quently the electric fluid has no other way through 
which 1t can paſs from the inſide to the outſide of the 
glaſs jar. When the ſhocks are to be given with this 
apparatus to any particular part of the body (for in- 
ſtance, to the arm) then, inſtead of the chain x, which 
muſt now be taken away, two ſlender and pliable wires, 
EL, IL, are to be faſtened, one to the open ring E of 
the electrometer, and to the braſs hook I of the ſtand 
HI, which communicates with the outſide coating of 
the jar, If the jar has not the ſtand H I, the extremity , 
[of the wire T L may be ſimply reſted under, or may be 
tied round it, In ſhort, it muſt be put in contact with- 
the outſide coating of the jar, in any convenient manner. 
The other extremities of the ſaid wires are faſtened each 
to the braſs wires L, and L of the directors K L, KL. 
Each of thoſe inſtruments, juſtly called directors, con- 
fiſts of a knobbed braſs wire L, which by means of a | 
braſs cap is cemented to the glaſs handle K. The ope- 
rator, holding them by the extremity of the glaſs handle, 
brings their balls into contact with the extremities of 
that part of the body of the patient through which he 
deſires to ſend the ſhock. The management and conve- 
nience of this apparatus are eaſily comprehended by 
inſpecting the figure; for when the machine is in mo- 
tion, and the apparatus, &c. is fituated as in the figure, 
N 2 | the 


92 N INTRODUCTION TO 


the diſcharge of the jar muſt be evidently made through 
that part of the patients arm which lies between the 
knobs of the directors; and the operator, whilſt an aſſiſt- 
ant keeps the machine in motion, has nothing more to 
do but to hold the knobs of the directors to the extremi- 
ties of the arm, or to any other part of the body that is 
required to be thus electrified; always taking care that 
the two wires EL, IL, do not touch each other, be- 
cauſe in that caſe the ſhock will not paſs through that 
part of the body which is required to be electrified, 
Thus any number of ſhocks, preciſely of the ſame 
ſtrength, may be given, without altering any part of 
the apparatus, or having any farther trouble : and when 
the ſtrength of the ſhocks is required to be diminiſhed 
or increaſed, it is only neceſſary to diminiſh pr augment 
the diſtance between the balls B C; which is done by 
ſlipping the wire CE forwards or backwards through 
the ſpring ſocket that holds it, 


It is almoſt needleſs to mention, that whan ſhocks are 
adminiſtered, it is immaterial whether the patient ſtands 
upon the ground, upon the inſulating ftool, or in any 
other ſituation whatever, Neither is it always neceſſary 
to remove the clothes from the part that is to be electri: 
fied, in order to let the knobs of the directors touch the 
kin; for, except the coverings be too many and too 
thick, in which caſe part of them at leaſt ſhould be re - 
moved, the ſhocks will go through them very eaſily, eſ- 
pecially if the knobs of the directors be preſſed a little 
upon the part. 
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Of the Technical Terms uſed by Writers on 0 Sal of 
ElAricity. 


BATTERY, eleArical, a number of jars combined 
together, ſo that they may be all charged and diſcharged 
at the ſame fime. The form of one ig exhibited, 


Fig. 12. 


Charging, throwing an additional quantity of electric 
matter upon one ſide of a plate of glaſs, or a jar, while 


the other fide is exhauſted in the ſame proportion. All 


other electric ſubſtances are capable of being charged as 
well as glaſs, 


Circuit, eleFric, thoſe conducting ſubſtances which are 
made uſe of to form a communication between the two 
coatings of a charged jar or battery, &c. and through 
which the electric mattewmuſt paſs, when the equili- 
brium between the two ſides is reſtored by the diſcharge, 


Coatings, plates of metal, or other conducting ſub- 
ſtances, laid upon plates of glaſs, or other electries, 
whereby the additional quantity of electric matter, 
called the charge, may be the more eaſily and uniformly 
conveyed to them, or diſcharged from them, 


Conductor, prime, a piece of metal furniſhed with points, 
to receive electric matter from the globe, after it has 
been excited by friction. It muſt always be inſulated, 
or cut off from a communication with the earth by 
means of electric h ſuch as glaſs, baked wood, 


Plate nh; 


Kc. ö 


\ 
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&c. Whenever the cendutlor is mentioned, the prime 
conductor muſt alſo be underſtood, 


Conduclors, or conducting ſubſtances, thoſe bodies thro! 
which the electric matter may be tranſmitted, They 
are alſo called non- electrics, becauſe no electrio powers 
can be excited in them by friction. | 


Diſcharging, reſtoring the equilibrium of the electric 
fluid, after it has been diſturbed by charging. It is ef- 
fected by forming a communication between the over- 
loaded and the exhauſted fide of a glaſs jar, battery, &c. 
by means of conducting ſubſtances, through which the 
overplus or charge may paſs from the one to the other, 
When the diſcharge 1s confiderable, it is often called an 


pxploſron, 


Diſcharging rod, a braſs rod, with a knob at each end, 
very convenient either for taking ſparks from the prime 
conductor, or for diſcharging jars or batteries. It is 
ſometimes bent into a ſemicircular form, in order to 
bring one of the knobs to the outſide, and the other to 
the wire, communicating with the infide of a charged 
Jar, in order to my it, by nen, the exploſion 
en the knob, | 


Electric matter, that ſubtle fluid which is ſuppoſed to 
be the cauſe of all thoſe appearances which are termed 
electric. It is ſometimes called eledaric fire, and ſome- 


times ether, 


Electrics, thoſe bodies in which electric powers of at- 
traction, repulſion, &c. may be excited by friction. 
They are alſo called non- conductors, becauſe the electric 
matter cannot paſs through them. 


Electromcters, 


E 
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TleAremeters, inſtruments to meaſure the degree of 
eleArification ; that is, the quantity of electric matter 
thrown upon any body, or the force of an electrical ex- 
ploſton. 


Excitation, the act of exciting or calling forth electric 
powers from electric ſubſtances, by means of friction, 
and other methods. | 


Inſulating, placing bodies where they are not in con- 
tact with any conducting ſubſtance; as by ſuſpending 


them in the air by ſilken ſtrings, putting them on glaſs 


ſtands, &c. ſo that the electricity they may be charged 
with cannot be conveyed to the earth. 


Negative Electricity, a leſs quantity of the electric mat- 
ter than is natural to any body. 


Pencil, the appearance of electric light iſſuing from 
the point of a body electrified poſitively, p 


Poſitive FleAricity, a quantity of electric matter thrown 
upon any body, above its natural ſhare, 


Rubber, or cuſhion, à piece of leather, or any other 
ſubſtance againſt which the glaſs globe, or other electric 
body whirled in the machine, is rubbed, in order to ex- 
cite them. 


Shock, electric, the convulſion given to the animal 
muſcles by the paſſage of the electric matter through 
them, eſpecially in the diſcharging of a jar or battery. 


S:ar, 
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Star, the appearance of electric light from. the point 
bf a body electrified negatively. 


Wire of a phial, a jar, or battery, the wire or metal rod 
which goes into the phial, and which touches the infide 
coating, This wire is therefore often put for the inſide 
coating. | 


Two Methods io make Amalgam. 


FIRST, take ſpelter four ounces, and diſſolve it in an 
iron ladle over a fire; let it cool a little, but not ſo as 
to become quite ſtiff: add to it, while in that ſtate, fix 
ounces of mercury, and ſtir them well up together; then 
turn it out of the ladle upon a ſmooth ſtone, and grind it 
with a muller till it becomes like fine tough paſte; 
which put into a box, and it is ready for uſe, If it 
ſhould become too hard, grind it again with a little 
more mercury: the addition of a little tallow may be 
occaſionally added, 


The Second Method. 


TAKE of tin one pound; flour of ſulphur ſeven 
ounces; ſa} ammoniac and purified quickſilver, of each 
half a pound. 


Melt the tin by itſelf, add to it the quickfilyer, and 
when the mixture is grown cold reduce it into powder : 
mix this with the ſulphur and ſal ammoniac, and ſubli- 
mate it in a matraſs: the moſaic gold will be found 
under the ſublimated matter, with ſome droſs at the bot- 
tom. This is thought as powerful an amalgam as the 
former. 


A Com- 
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Compoſicion for lining the Inſide of Globes or C arr. 


TAKE four parts of Venice turpentine, one part of 
roſin, and one of bees-wax, boil the whole over a gentle 
fire for two hours, and it is fit for uſe, When a globe 
or cylinder is to be lined, it muſt he put into an oven, 
with a ſufficient quantity of the compoſition, broken, 
and put in the inſide, and when it is melted it muſt be 
turned round every way, in order to ſpread lit all over 
equally, This lining has been found to increaſe the 
electric power amazingly. Mr. Prieſtly uſed linſeed oil 
and roſin in the ſame manner as above directed, the pro- 
portion was equal parts of each, boiled very well toge- 


ther. 


A Varniſh for all the Parts of the Machine which are inſulated, 


TAKE ſpirits of wine, highly rectified, and in it 


diſſolve the beſt ſealing-wax to a tolerable ſtiff conſiſt- 
ence, with which varniſh over all your glaſs pillars, to 
keep off the moiſture they attract from damp air, 


ü 


P NE UMAT ICS. 


NEUMATICS is that branch of natural philoſo- 
1 phy which treats of the nature, weight, preſſure, 


and elaſticity of air, and the effects ariſing therefrom, 


Of the Properties of the Air. 


THE air is that thin tranſparent fluid in which we 
live and breathe, It encompaſſes the whole earth to a 
conſiderable height ; and, together with the clouds and 
vapours that float in it, it is called the atmoſphere, The 
air is juſtly reckoned among the number of fluids, be- 
cauſe it has all the properties by which a fluid is diſtin- 
guiſhed; for, it yields to the leaſt force impreſſed, its 
parts are eaſily moved among one another, it preſſes ac- 
cording to its perpendicular height, and its preſſure 18 


every way equal. 


That the air is a fluid conſiſting of ſuch particles as 
have no coheſion betwixt them, but eaſily glide over 
one another and yield to the ſlighteſt impreſſion, appears 


from that eaſe and freedom with which animals breathe 
in 


's 
Cc 
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in it, and move through it without any difficulty or 
ſenſible reſiſtance, 


But it differs from all other fluids, in the four follow- 
ing particulars : , 1, It can be compreſſed into a much 
leſs ſpace then what it naturally poſſeſſeth. 2. It cannot 
be congealed or fixed, as other fluids may. 3, It is of 
a different denſity in every part upward from the earth's 
ſurface, decreaſing in its weight, bulk for bulk, the 
higher it riſes; and therefore muſt alſo decreaſe in den- 
fity. 4. It is of an elaſtic or ſpringy nature, and the 


force of its ſpring is equal to its weight. 


That air is a body, is evident from its excluding all 
other bodies out of the ſpace it poſſeſſes: for, if a glaſs 
jar be plunged with its mouth downward into a veſſel 
of water, there will but very little water get into the 
jar, becauſe the air, of which it 1s full, keeps the water 
Out. : 


As air is a body, it muſt needs have gravity or weight; 
and that it is weighty, 1s demonſtrated hy experiment, 
For, let the air be taken out of a veſſel by means of the 
air-pump, then having weighed the veſſel, let in the air 
again, and upon weighing it when refilled with air, it 


will be found confiderably heavier, Thus a bottle that 


holds a wine quart, being emptied of air and weighed, 
is found to be about 16 grains lighter then when the air 
15 let into it again; which ſhews that a quart of air 
weighs 16 grains, But a quart of water weighs 14621 
grains: this divided by 16 quotes 914 in round num- 
bers; which ſhews, chat water is 914 times as heavy as 
air near the ſurface of the earth. 
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As the air riſes above the earth's ſurface, it grows 
rarer, and conſequently lighter, bulk for bulk ; for ſince 
it is of an elaſtic nature, and its lowermoſt parts are 
preſſed with the weight of all that is above them, it is 
plain that the air muſt be more denſe or compact at the 
earth's ſurface than at any height above it; and gradu- 
ally rarer the higher up. For the denſity of the air is 
always as the force that compreſſeth it: and therefore, 
the air toward the upper part of the atmoſphere being 
leſs preſſed than that which is near the earth, will e- 
pand itſelf, and thereby become thinner than at the 
earth's ſurface. 


Dr. Cotes has demonſtrated, that if altitudes in the 
air be taken in arithmetical proportion, the rarity of 
the air will be in geometrical proportion. For inſtance, 
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And hence it is eaſy to prove by calculation, that a 
-ubic inch of ſuch air as we breathe would be ſo much 
rarefied at the altitude of 500 miles, that it would fill a 
ſphere equal in diameter to the orbit of Saturn. 


The weight or preſſure of the air is exactly determi- 
ned by the following experiment: 


Take a glaſs tube about three feet long, and open at 
one end; fill it with quickfilver, and, putting your fin- 
ger upon the open end, turn that end downward and im- 
merſe it into a ſmall veſſel of quickfilver, without letting 
in any air: then take away your finger, and the quick- 
filver will remain ſaſpended in the tube 294 inches 
above its ſurface in the veſſel; ſometimes more and at 
other times leſs, as the weight of the air is varied by 


winds and other cauſes, That the quickfilver is kept 


up in the tube by the preſſure is evident; fot if the ba- 
ſon and tube be put under a glaſs, and the air be then 
taken out of the glaſs, all the quickfilver in the tube 


will fall down into the baſon, and if the air be let in 


again, the quickfilver will riſe to the ſame height as be- 
fore, Therefore the air's preſſure on the ſurface of the 
earth, is equal to the weight of 294 inches depth of 
quickſilver all over the earth's ſurface, at a mean rate. 


A ſquare column of quickſilver, 294 inches high, 


and an inch thick, weighs juſt 15 pounds, which is equal 


to the preſſure of the air upon every ſquare inch of the 


earth's ſurface ; and 144 times as much, or 2160 pounds 


upon every ſquare foot, contains 144 ſquare inches, 
At this rate a middle-fized man, whoſe ſurface may be 
about 14, ſquare feet, ſuſtains a preſſure of 30240 pounds 

when 
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when the air 1s of a mean gravity; a preſſure which 
would be inſupportable and fatal to us, were it not equal 
on every part, and counterbalanced by the ſpring of 
the air within us, which is diffuſed through the whole 
body, and re- acts with an equal force againſt the out- 
ward preſſure, 


Now, fince the earth's ſurface contains 200,000,000 
ſquare miles, and every ſquare mile 27, 876, 400 ſquare 
feet, there muſt be 5, 575, 680, ooo, ooo, ooo ſquare feet 
on the earth's ſurface ; which number multiplied by 
2160 pounds (the preſſure on each ſquare foot) gives 
12, 043, 468, 800, ooo, ooo, ooo pounds for the preſſure or 
weight of the whole atmoſphere. 


When the end of a pipe is immerſed in water, and 
the air is taken out of the pipe, the water will riſe in it 
to the height of 33 feet above the ſurface of the water in 
which it is immerſed; but will go no higher: for it is 
found, that a common pump will draw water no higher 
than 33 feet above the ſurface of the well; and unleſs 
the bucket goes within that diſtance from the well, the 

water will never get above it. Now, as it is the preſ- 
ſure of the atmoſphere on the ſurface of the water in the 
well that cauſes the water to aſcend in the pump, and 
follow the piſton or bucket when the air above it is 
lifted up, it is evident, that a column of water 33 feet 
high is equal in weight to a column of quickſilver of 
the ſame diameter, 294 inches high; and to as thick a 
column of air, reaching from the earth's ſurface to the 
top of the atmoſphere, | 


In ſerene calm weather, the air has weight enough to 
ſupport a column 31 inches high ; but in tempeſtuous 


ſtormy weather, not above 28 inches, The quickfil- 
| ver 
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yer thus ſupported in a glaſs tube, is found to be a nice 
counterbalance to the weight or preſſure of the air, and 
to ſhew its alterations at different times. And being 
now generally uſed to denote the changes i in the weight 
of the air, and of the wcather conſequent upon them, it 
is called the barometer, or weather-glaſs. — See the con- 
ſtruction and ule of the barometer, p. 129 of the Intro- 
duction of Uſeſul Knowledge. 


The preſſure of the air being equal on all ſides of a 
body expoſed to it, the ſofteſt bodies ſuſtain this preſſure 
without ſuffering any change in their figure; and ſo do 
the moſt brittle bodies without being broke, 


The air is rarefied, or made to ſwell with heat; and 
of this property, wind is a neceffary conſequence, For 
when any part of the air is heated hy the ſun, or other- 
wiſe, it will ſwell, and thereby affect the adjacent air; 
and ſo, by various degrees of heat in different places, 
there will ariſe various winds, 


When the air is much heated, it will aſcend towards 
the upper part of the atmoſphere, and the adjacent air 
will ruſh in to ſupply jts place; and therefore, there will 
be a ſtream or current of air from all parts towards the 
place where the heat is. And hence we ſee the reaſon 
why the air ruſhes with ſuch force into any place 
where a great fire is made, And alſo, why ſmoke is 
carried up a chimney, and why the air ruſhes in at the 
key-hole of the door, or any ſmall chink, when there 
is a fire in the room. So we may take it in general, 
that the air will preſs towards that part of the world 
where it is moſt heated. 


Upon 
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Upon this principle we can eafily account for the trad 
winds, which blow conſtantly from eaſt to weſt about 
the equator; for, when the ſun ſhines perpendicularly 
on any part of the earth, 1t will heat the air very much 
in that part, which air will therefore riſe upward, and 
when the ſun withdraws, the adjacent air will ruſh 
in to fill its place; and conſequently will cauſe a ſtream 
or current of air from all parts towards that which is 
moſt heated by the fun, But as the ſun, with reſpect to 
the earth, moves from eaſt to weſt, the common courſe 
of the air will be that way too; continually preſſing 
after the ſun; and therefore, at the equator, where the 
ſun ſhines ſtrongly, there will be a continual wind 
from the eaſt; but on the north fide, it will incline a 
little to the north, and on the ſouth fide to the ſouth, 


This general courſe of wind about the equator, is 
changed in ſeveral places, and upon ſeveral accounts; 
as, 1. By exhalations that riſe out of the earth at certain 
times, and from certain places ; in earthquakes and vol- 
canoes. 2, By the falling of great quantities of rain, 
cauſing thereby a ſudden condenſation or contraction of 
the air. 3. By burning ſands, that often retain the ſo- 
lar heat to a degree incredible to thoſe who have not felt 
it, cauſing a more than ordinary rarefaction of the air 
contiguous to them. 4. By high mountains, which al- 
ter the direction of the winds in ftriking againſt them. 
5. By the declination of the ſun towards the north or 
ſouth, heating the air on the north or ſouth fide the 
equator, 


To theſe and ſuch cauſes are owing, 1. The irregula- 
rity or uncertainty of winds in climates diſtant from the 
equator, as in moſt parts of Europe. 2, Theſe periodical 

winds 
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winds called Monſoons, which in the Indian ſeas blow 
half a year one way, and half a year another, 3. Thoſe 
winds which on the coaſt of Guinea, and on the weſtern 
coaſts of America, blow always from weſt to eaſt, 4. 
The ſea breezes, which, in hot countries, blow general- 


ly from ſea to land, in the day time; and the land breezes, 


which blow in the night; and, in ſhort, all thoſe ſtorms, 
hurricanes, whirlwinds, and irregularities, which hap- 
pen at different times and places, 


* 


All common air is impregnated with a certain kind of 
vivifying ſpirit or quality, which is neceſſary to conti- 
nue the lives of animals: and this, in a gallon of air, is 
ſufficient for one man during the ſpace of a minute, and 
not much longer. 


The ſpirit in air is deſtroyed in paſſing through the 
lungs of animals: and hence it is, that an animal dies 
ſoon after being put under a veſſel which admits no freſh 
airto come to it, This ſpirit is alſo in the air which is 
in water; for fiſh die when they are excluded from freſh 
air, as in a pond that is cloſely frozen over: and the 
little eggs of inſects ſtopped up in a glaſs, do not produce 
their young though aſſiſted by a kindly warmth. The 
ſceds alſo of plants mixed with good earth, and incloſed 
in a glaſs, will not grow. 


This enlivening quality in air is alſo deſtroyed by 
the air's paſſing through fire; particularly charcoal fire, 
or the flame of ſulphur. Hence ſnfoking chimneys 


The Mon- 
ſyons. 


The vivĩfy- 
ing ſpirit 


all. 


muſt be very unwholeſome, eſpecially if the rooms they 


are in be ſmall and cloſe, 


No VII. 6 Air 


Damps. 
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Air is alſo vitiated, by remaining cloſely pent up in 
any place for a conſiderable time; or perhaps, by being 
mixed with malignant ſteams and particles flowing from 
the neighbouring bodies : or laſtly, by the corruption 
of the vivifying ſpirit ; as in holds of ſhips, in oil cif- 
terns, or wine cellars, which have been ſhut for a conſi- 
derable time. The air in any of them is ſometimes ſo 
much vitiated, as to be immediate death to any animal 
that comes into it. 


Air that has loſt its vivifying ſpirit is called damp, 
not only becauſe it is filled with humid or moiſt ya- 
pours but becauſe it deadens fire, extinguiſhes flame, 
and deſtroys life. The dreadful effects of damps are 
ſufficiently known to ſuch as work in mines, 


If part of the vivitying ſpirit in air in any country 
begins to putrefy, the inhabitants of that country will 
be ſubject to an epidemical diſeaſe, which will continue 
until the putrefaction is over. And as the putrefying 
ſpirit occaſions this diſeaſe, ſo if the diſeaſed body con- 
tributes towards the putrefying of the air, then the diſ- 
eaſe will not only be epidemical, but peſtilential and 
contagious, 


The atmoſphere 1s the common receptacle of all the 
effluvia or vapours ariſing from different bodies; of the 
fteams and ſmoke of things burnt or melted; the fogs 
or vapours proceeding from damp watery places; and 
of the effluvia proceeding from ſulphureous, nitrous, 
acid, and alkaline bodies. In ſhort, whatever may be 
called volatile, riſes in air to greater or leſſer heights, ac- 
cording to 1ts ſpecific gravity, 


When 
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When the effluvia which ariſe from acid and alkaline Fermenta- 
bodies meet each other in the air, there will be a ſtrong 8885 
conflict or fermentation between them; which will 
ſometimes be ſo great as to produce a fire; then if the 
efluvia be combuſtible, the fire will run from one part 
to another, juſt as the inflammable matter happens to lie. 


Any one may be convinced of this, by mixing an 
acid and an alkaline fluid together, as Glauber's ſpirit of 
nitre and oil of cloves ; upon the doing of which, a ſud- 
den ferment, with a fine flame, will ariſe ; and if the in- 
oredients be very pure and ſtrong, there will be a ſudden 
exploſion. b 


Whoever conſiders the effects of fermentation, cannot 9 
be at a loſs to account for the dreadful effects of thunder and light- 
and lightning; for the effluvia of ſulphureous and ni- . 
trous bodies, and others that may riſe into the atmo- 
ſphere, will ferment with each other, and take fire ve- 
ry often of themſelves ; ſometimes by the aſſiſtance of 
the ſun's heat, 


It the inflammable matter be thin and light, it will riſe 
to the upper part of the atmoſphere, where it will flaſh 
without doing any harm: but if it be denſe, it will lie 
nearer the ſurface of the earth, where taking fire, it will 
explode with a ſurprizing force: and by its heat rarefy 
and drive away the air, kill men and cattle, ſplit trees, 
walls; rocks, &c. and be accompanied with terrible claps 
of thunder. 


The heat of lightning appears to be quite different 
from that of other fires; for it has been known to Tun 


through wood, leather, cloth, &c. without hurting them, 
| P 2 while 


Fire dame. 
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while it has broken and melted iron, ſteel, ſilver, gold, 
and other hard bodies, Thus it has melted or burnt 
aſunder a ſword, without hurting the ſcabbard; and mo- 
ney in a man's pocket, without hurting his clothes. The 
reaſon of this ſeems to be, that the particles of that fire 
are ſo fine, as to paſs through ſoft, looſe hodies, without 
diſſolving them, whilſt they ſpend their whole force up- 
on the hard ones, 


It 1s remarkable, that knives and forks which have 
been ſtruck with lightning have a very ſtrong magneti- 
cal virtue for ſeveral years after: and Thave heard that 
lightning ſtriking upon the mariner's compaſs, will 
ſometimes turn it round; and often make it ſtand the 
contrary way, or with the north pole towards the ſouth, 


Much of the ſame kind with lightning are thoſe ex- 
ploſions, called fulminating or fire-damps, which ſome- 


times happen in mines; and are occaſioned by ſulphure- 
ous and nitrous, or rather oleaginous particles, riſing 


from the mine and mixing with the air, where they will 
take fire by the lights the workmen are obliged to make 
uſe of, The fire being kindled, will run from one part 
of the mine to another, like a train of gunpowder, as the 
combuſtible matter happens to lie ; and as the elafticity 
of the air is increaſed by that heat, h ih the mine will 
conſequently ſwell very much, and fo, for want of room 
will explode with a greater or leſs degree of force, ac- 
cording to the denſity of the combuſtible vapours. It 
is ſometimes ſo ſtrong, as to blow up the mine; and at 
other times ſo weak, that when it has taken fire at the 
flame of a candle, it is eaſily blown out. 


Air that will take fire at the flame of a candle, may 


be produced thus: Having exhauſted a receiver of 
| the 
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the air-pump, let the air run into it through the flame of 
the oil of da; then remgve the cover of the re- 
ceiver, and holding a candle to that air, it will take fire, 
and burn quicker or ſlower, according t6 the denſity of 
the oleaginous vapour, 


When ſuch combuſtible matter, as is above men- 
tioned, kindles in the bowels of the earth, where there 
is little or no vent, it produces earthquakes, and violent 
forms or hurricanes of wind when it breaks forth in the 
air. 


. 
\ 


An artificial earthquake may be made thus: Take 
10 or 15 pounds of ſulphur, and as much of the filings 
of iron, and knead them with common water into the 
conſiſtency of a paſte; this being buried in the ground, 
will, in 8 or 10 hours time, burſt out into flames, and 
cauſe the earth to tremble all around to a confiderable 
diſtance. a 


From this experiment we have a very natural ac- 
count of the fires of Mount Atna, Vefuvius, and other 
volcanoes, they being probably ſet on fire at firſt by the 
mixture of ſuch metalline and ſulphureous particles, 


The air- pump being conſtrued the ſame way as the 
water-pump, whoever underſtands the one, will be at no 
loſs to underſtand the other. 


Having put a wet leather on the plate LL of the air- 
pump, place the glaſs receiver M upon the leather, ſo 
that the hole i in the plate, may be within the glaſs; 
then turning the handle F backward and forward, the air 
will be pumped out of the receiver; which will then be 
held downto the plate by the preſſure of the external air, 


or 
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or atmoſphere. For, as the handle F (Fig. 2.) is turn. 
ed backwards, it raiſes the piſton d e in the barrel ; 

B K, by means of the wheel E and rack Dd: and, as 
the piſton 1s leathered ſo tight as to fit the barrel exaQ. 
ly, no air can get between the piſton and barrel; and 
therefore all the air above d in the harrel is lifted up to- 
wards B, and a vacuum is made in the barrel from b to 
e; upon which, part of the air in the receiver M (Fig. 
1.) by its ſpring, ruſhes through the hole 1, in the braſs 
plate L L, along the pipe G C G (which communicates 
with both barrels in the hollow trunk I H K, Fig, 2.) 
and puſhing up the valve b, enters into the vacant place 
be of the barrel B K. For, wherever the reſiſtance 
or preſſure is taken off, the air will run to that place, if 
it can find a paſſage. Then if the handle F he turned 
forward, the piſton d e will be depreſſed in the barrel; 
and, as the air which had got into the barrel cannot be 
| puſhed back through the valve b, it will aſcend through 
a hole in the piſton, and eſcape through a valve at dz 
and be hindered by that valve from returning into the 
barrel when the piſton 1s again raiſed, At the next 


raifing of the piſton, a vacuum 1s again made in the 


ſame manner as before, between d and e; upon which 
more of the air that was left in the receiver M, gets out 
thence by its ſpring, and runs into the barrel B K, 
through the valve B, The ſame thing is to be under- 
ſtood with regard to the other barrel AI; and as the 
handle F is turned backwards and forwards, it alternate- 
ly raiſes and depreſſes the piſtons in their barrels ; al- 
ways raifing one while it depreſſes the other. And, as 
there is a vacuum made in each barrel when its piſton is 
raiſed, the particles of air in the receiver M, puſh out 
another, by their ſpring or elaſticity, through the hole 


i, and pipe G G into the barrels; until at laſt the air in 
the 


_ SS 


USEFUL KNOWLEDGE. 111 


the receiver comes to be ſo much dilated, and its ſpring 
ſo far weakened, that it can no longer get through the 
valves; and then no more can be taken out. Hence, 
there is no ſuch thing as making a perfect vacuum in the 
receiver; for the quantity of ait taken out at any one 
ſtroke, will always be as the denſity thereof in the re- 
ceiver; therefore it is impoſſible to take it all out, be- 
cauſe, ſuppoſing the receiver and barrels of equal capa- 
city, there will be always as much left as was taken out 
at the laſt turn of the handle, 


There 1s a cock k below the pump-plate, which being 
turned, lets the air into the receiver again; and then 
the receiver becomes looſe, and may be taken off the 
plate. The barrels are fixed to the frame Le e by two 
ſerew- nuts ſ {, which preſs down the top- piece E upon 
the barrels: and the hollow trunk H (in Fig. 2.) is co- 
vered by a box, as G H (in Fig. 1.) 


There is a glaſs tube, Im m m n, open at both ends, 
and about 34 inches long; the upper end communicat- 
ing with the hole in the pump-plate, and the lower end 
immerſed in quickſilver at n in the veſſel N. To this 
tube is fitted a wooden ruler m m, called the gauge which 
is divided into inches and parts of an inch, from the 
bottom at n (where it is even with the ſurface of the 
quickfilver) and continued up to the top, a little below 
|, to 30 or 31 inches, | 


As the air is pumped out of the receiver M, it is like- 
wile pumped out of the tube Im n, becauſe that tube 
opens 1nto the receiver through the pump-plate ; and 
as the tube is gradually emptied of air, the quickſilver in 
the veſſel N is forced up into the tube by the preſſure of 

the 
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the atmoſphere, And if the receiver could be perfect. 
ly exhauſted of air, the quiekſilver would ſtand as high 
in the tube as it does at that time in the barometer : for 
it is ſupported by the ſame power or weight of the at- 
moſphere in both. 
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Tho quantity of air exhauſted out of the receiver on 
each turn of the bandle, is always proportionable to the 
aſcent of the quickfilver on that turn: and the quantity 
of air remaining in the receiver, is proportionable to the 
defect of the height of the quickſilver in the gauge, from 
what it is at that time in the barometer. 


— 


N * wal me 
CPC DITSY CRE \ 
— 9 — if 
6 8 " _ w—_— 3 
A * 272 + . L 
* —— 
- - 
—— 
Pg 


W = o 
- * PRIY 


I ſhall now give an account of the experiments made 
with the air-pump; ſhewing the reſiſtance, weight, and 
elaſticity of the air, : 


To ſhew the reſiſtance of the air. There is a little 
machine, conſiſting of two mills, a and b, which are of 
equal weights, independent of each other, and turn equal- 
ly free on their axles in the frame. Each mill has four 
thin arms or fails fixed into the axis: thoſe of the mill 
a have their planes at right angles to its axis, and thoſe 
of b have their planes parallel to it. Therefore, as the 
mill a turns round in common air, it is but little reſiſted 
1 | thereby, becauſe its fails cut the air with their thin edges: 
q | but the mill b 1s much refiſted, becauſe the broad fide 
Z of its ſails move againſt the air when it turns round, In 
each axle 1s a fine pin near the middle of the frame, 
which goes quite through the axle, and ſtands out 2 
little on each fide of it: under theſe pins the flider a 
may be made to bear, and ſo hinder the mills from go-W | 
ing, when the ſtrong ſpring C is ſet on bend againſt the 
oppoſite ends of the pins. 
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Having ſet this machine upon the pump-plate L L 
(fig. 1.) draw up the ſlider d to the pins on one fide, and 
ſet the ſpring Cat bend on the oppoſite ends of the pins: 
then puſh down the ſlider d, and the ſpring acting equal- 
ly ſtrong upon each mill, will ſet them both a going 
with equal forces and velocities; but the mill a, will 
run much longer than the mill b, becauſe the air makes 
much leſs refiſtance againſt the edges of its ſails than 


againſt the ſides of the ſails of b. 


Draw up the ſlider again, and ſet the ſpring upon the Fig. x: = 
pins as before; then cover the machine with the receiver 2 
M upon the pump-plate ; and having exhauſted the re- 
ceiver of air, puſh down the wire PP (thro? the collar 
of leathers in the neck g) upon the ſlider 5 which will 
diſengage it from the pins, and allow the mills to turn 
round by the impulſe of the ſpring : and as there is no 
air in the receiver to make any ſenſible reſiſtance againſt = 
them, they will both move a conſiderable time longer than | 
they did 1n the open air; and the moment that one ſtops 
the other will do ſo too. This ſhews that air reſiſts bo- 
dies in motion, and that equal bodies meet with differ- | 
ent degrees of reſiſtance, according as they preſent = 
greater or leſs ſurfaces to the air in the planes of their 
motions. 


Take off the receiver M, and the mills; and having put Experiment 
the guinea a and feather b upon the braſs flap c, turn Fig. oy 
up the flap and ſhut it into the notch d. Then, putting a 
wet leather over the top of the tall receiver A B (it be- 
ing open both at top and bottom, cover it with the plate 
C, from which the guinea and feather tongs e d will then 
hang within the receiver, This done, pump the air out 
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of the receiver; and then draw up the wire f a little, 
which by a ſquare piece on its lower end, will open the 
tongs e d; and the flap falling down as at c, the guinea 
and feather will deſcend with equal velocities in the re- 
ceiver; and both will fall upon the pump-plate at the 
ſame inſtant, | 


In this experiment the obſervers ought not to look at 
the top, but at the bottom of the receiver, in order to 
ſee the guinea and feather fall upon the plate; other- 
wiſe, on account of the quickneſs of their motion, they 
will eſcape the fight of the beholders. 


To ſhew the Weight of the Air. 


HAVING fitted a braſs cap, with a valve tied over it, 
to the mouth of a thin bottle or Florence flaſk, whoſe 
contents are exactly known, ſcrew the neck of this cap 
into the hole 1 of the pump- plate: then having exhauſted 
the air out of the flaſk, and taken it off the pump, let it 
be ſuſpended at one end of a balance, and nicely coun- 
terpoiſed by weights in the ſcale at the other end: this 
done, raiſe up the valve with a pin, and the air will ruſh 
into the flaſk with an audible noiſe; during which time 
the flaſk will deſcend, and pull down that end of the 
beam, When the noiſe is over, put as many grains into 
the ſcale, at the other end, as reſtore the equilibrium; 
and they will ſhew exactly the weight of the quantity of 
air that has got into the flaſk, and filled it, If the flaſk 
holds an exact quart, it will be found, that 16 grains 
will reſtore the equipoiſe of the balance when the quickſil- 
ver ſtands at 29x inches in the barometer ;z which ſhews, 
that when the air is at a mean rate of denſity, a quart of 

it 
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it weighs 16 grains: it weighs more when the quickſil- 
ver ſtands higher; and leſs when it ſtands lower. 


Place the ſmall receiver O (fig. 1.) over the hole 1 in 
the pump-plate, and upon exhauſting the air, the re- 
ceiver will be fixed down to the plate by the preſſure of 
the air on its outſide, which is left to act alone, without 
any air in the receiver to act againſt it: and this preſſure 
will be equal to as many times 15 pounds as there are 
ſquare inches inthat part of the plate which the receiver 
covers; which will hold down the receiver ſo faſt, that 
it cannot be got off until the air be let into it by turn- 
ing the cock k; and then it becomes looſe, 


Set the little glaſs A B (which 1s open at both ends) 
over the hole ĩ upon the pump-plate LL, and put your 
hand cloſe upon the top of it at B: then upon exhauſt- 
ing the air out of the glaſs, you will find your hand 


preſſed down with a great weight upon it: ſo that you 


can hardly releaſe it until the air be re-admitted into 
the glaſs hy turning the cock k; which air, by acting as 
ſtrongly upward againſt the hand as the external air 
acted in preſſing it downward, will releaſe the hand from 
Its confinement, 


Having tied a piece of wet bladder b over the open 
top of the glaſs A (which is alſo open at bottom) ſet ĩt to 
dry, and then the bladder will be tight like a drum, 
Then place the open plate A upon the pump-plate, over 
the hole i, and begin to exhauſt the air out of the glaſs, 


Experiment 
IV, 


Experiment 


Fig. 5s 


Experiment 
VI. 
F ig. 6. 


As the air is exhaufling, its ſpring in the glaſs will be 


weakened, and give way to the preſſure of the outward 
air on the bladder; which, as it is preſſed down, will put 
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on a ſpherical concave figure, which will grow deeper 
and deeper, until the ſtrength of the bladder be overcome 
by the weight of the air; and then it will break with a 
report as loud as that of a gun. If a flat piece of glaſs be 
laid upon thę top of this receiver, and joined to it by a 
flat ring of wet leather between them, upon pumping 
the air out of the receiver, the preſſure of the outward 
air upon the flat glaſs will break it all to pieces. 

Pour ſome quickſilver into the jar D, and ſet it on the 
pump-plate near the hole i; then ſet on the tall open 
receiver A B, ſo as to be over the jar and hole; and co- 
ver the receiver with the braſs plate C. Screw the open 
glaſs tube fg, which has a braſs top on it at h, into the 
ſyringe H, and, putting the tube through a hole in the 
middle of the plate, ſo as to immerſe the lower end of 
the tube e into the quickfilver at D, ſcrew the end h of 
the ſyringe into the plate. This done, draw up the piſ- 


ton in the ſyringe by the ring I, which will make a va- 


cuum in the ſyringe below the piſton :- - and as the upper 
end of the tube opens intotheſyringe, the air will be dila- 
ted in the tube, becauſe part of it, by its ſpring, gets up 
to the ſyringe; and the ſpring of the undilated air in the 
receiver acting upon the ſurtace of the quickſilver in the 
jar, will force part of it up into the tube: for the quick- 
ſilver will follow the piſton in the ſyringe, in the ſame 
way, and for the ſame reaſon, that water follows the piſ- 
ton of a common pump when it is raiſed in the pump- 
barrel; and this, according to ſome, is done by ſuction. 


But to refute that erroneous notion, let the air be pump- 


ed out of the receiver A B, and then all the quickſilver 
in the tube will fall down by its own weight into the jar; 
and cannot be raiſed one hair's breadth in the tube by 
working the ſyringe; which ſhews that ſuction had no 
hand in raiſing the ee and to prove that it is 

done 
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done by preſſure, let the air into the receiver by the 


cock k (Plate VII. fig. 1.) and its action upon the ſurface 
of the quickſilver in the jar will raiſe it up into the tube, 
although the piſton of the ſyringe continues motionleſs. 
If the tube be about 32 or 33 inches high, the quickſil- 
ver will riſe in it very near as high as it ſtands at that 
time in the barometer. And, if the ſyringe has a ſmall 
hole, as m, near the top of it, and the piſton be drawn up 
above that hole, the air will ruſh thro' the hole into the 
ſyringe and tube, and the quickſilver will immediately 
fall down into the jar, If this part of the apparatus be 
air-tight, the quickſilver may be pumped up into the 
tube to the ſame height that it ſtands in the barometer; 
but it will go no higher, beeauſe then the weight of the 


column in the tube is the ſame as the weight of a column 


of air, of the ſame thickneſs with the quickſilver, and 
reaching from the earth to the top of the atmoſphere, 


Having placed the jar A, with ſome quickſilver in it, 
onthe pump-plate, as 1n the laſt experiment, coverit with 
the receiver B, then puſh the open end of the glaſs tube 
d e through the collar of leathers in the braſs. neck 
C (which it fits ſo as to be air-tight) almoſt down to the 
quickſilver in the jar; then exhauſt the air out of the 
receiver, and 1t will alſo come out of the tube, becauſe 
the tube is cloſe at top, When the gauge mm ſhews 
that the receiver is well exhauſted, puſh the tube, ſo as 
to immerſe its lower end into the quiekfilver in the jar, 
Now, although the tube be exhauſted ofair, none of the 
quickſilver will riſe into it, becauſe there is no air left in 
the receiver to preſs upon its ſurface in the jar, But let 
the air into the receiver by the cock k, and the quickſil- 


ver 
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ver will immediately riſe in the tube, and ſtand as high 
in it as it was pumped up in the laſt experiment. 


Both theſe experiments ſhew that the quickfilver is 
ſupported in the barometer by the preſſure of the air on 
its ſurface in the box, in which the open endof the tube 
is placed; and that the more denſe and heavy the air 
is, the higher the quickſilver riſes; and, on the contrary, 
the thinner and lighter the air is, the more will the 
quickſilver fall; for if the handle F be turned ever fo lit- 
tle, it takes ſome air out of the receiver, by raĩſing one 
or other of the piſtons in its barrel; and conſequently, 
that which remains in the quickſilver is ſo much the 
rarer, and has ſo much the leſs ſpring and weight; and 
thereupon the quickfilver falls a little in the tube: but 
upon turning the cock, and re- admitting the air intothe 
receiver, it becomes as weighty as before, and the quick- 
ſilver riſes again to the ſame height. Thus we ſee the 
reaſon why the quickfilver in the barometer falls before 
rain or ſnow, and riſes before fair weather; for in the 
former caſe the air is too thin and light to bear up the 


vapours; and in the latter, too denſe and heavy to let 
them fall. 


It is to be noted, that, in all mercurial experiments 
with the air- pump, a ſhort pipe muſt be ſcrewed into the 
hole i, ſo as to riſe about an inch above the plate, to pre- 
vent the quickfilver from getting into the air- pipe and 
barrels, in caſe any of it ſnould be accidentally ſpilt« over 
the jar; for if it once gets into the pipes or barrels, i 
ſpoils them, by looſening the ſolder, and corroding the 


braſs, 
Take 
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Take the tube out of the receiver, and put one end of 
a bit of dry hazel branch, about an inch long, tight into 
the hole, and the other end tight into a hole quite thro? 
the bottom of a ſmall wooden cup; then pour ſome 
quickſilver into the cup, and exhauſt the receiver of air, 


and the preſſure of the outward air, on the ſurface of the 


quickſilver, will force it thro the pores of the hazel, from 
whence it will deſcend in a beautiful ſhower, into a glaſs 
cup placed under the receiver to catch it, 


Pat a wire through the collar of leathers on the top of 
the receiver, and fix a bit of dry wood on the end of the 
wire within the receiver; then exhauſt the air, and puſh 
the wire down ſo as to immerſe the wood into a jar of quick- 
filver on the pump- plate; this done, let in the air, and 


upon taking the wood out of the jar and ſplitting it, ite 


pores will be found full of quickſilver, which the force 
of the air, upon being let into the quickfily er, drove into 
the wood, 


Join the two braſs hemiſpherical cups A and B toge- 
ther, with a wet leather between them, having a hole in 
the middle of it; then ſcrew the end D of the pipe CD 
into the plate of the pump at i, and turn the cock E, fo 
as the pipe may be open all the way into the cavity of 
the hemiſpheres: then exhauſt the air out of them, and 
turn the cock a quarter round, which will ſhut the pipe 
CD and keep out the air. This done, unſcrew the pipe 


8 


Experiment 


Pl Ade VII. 
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at D from the pump, and ſcrew the piece Fh upon it at 


D; and let two ſtrong men try to pull the hemiſpheres 


A by the rings g and h, which they will find hard to 
do; for if the diameter of the hemiſpheres be four inches, 
they will be preſſed together by the external air with a 
force 'equal to 190 pounds: and to ſhew that it is the 

| preſſure 
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preſſure of the air that keeps them together, hang them by 
either of the rings upon the hook P of the wire in the re- 
ceiver M (Fig. 1.) and, upon exhauſting the air out of 
the receiver, they will fall aſunder of themſelves, 


Place a ſmall receiver O (Fig. 1.) near the hole i on 
the pump-plate, and cover both it and the hole with the 
receiver M; and turn the wire ſo by the top P, that its 
hook may take hold of the little receiver by a ring avits 
top, allowing that receiver to ſtand with its own weight 
on the plate. Then, upon working the pump, the air 
will come out of both receivers; but the large one M, 
will be forcibly held down to the pump by the preſſure 


of the external air; whilit the ſmall one O, having no air 


to preſs upon it, will continue loofe, and may be drawn 
up and let down at pleaſure by the wire PP. But upon 
letting it quite down to the plate, and admitting the air 
into the receiver M, by the cock k, the air will preſs fo 
ſtrongly upon the ſmall receiver O, as to fix it down to 
the plate; and, at the ſame time, by counterbalancing 
the outward preſſure on the large receiver M, it will 
become looſe. This experiment evidently ſhews, that 
the receivers are held down-by preſſure, and not by ſuc- 
tion, for the internal receiver continued looſe while the 
operator was pumping, and the external one was held 
down; but the former became faſt immediately by let- 


ting in the air upon it. 


Screw the end Aof the braſs pipe ABF into the pump- 
plate, and turn the cock e until the pipe be open; then put 
a wet leather on the plate cd (fixed on the pipe) and co- 
ver it with the tall receiver GH, which is cloſe at top; 


then exhauſt the air out of the receiver, and turn the cock e 


to 
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to keep it out; which done, unſcrew the pipe from the 
pump, and ſer its end A into a baſon of water, and turn 
the cock e to open the pipe; on which, as there is no 
air in the receiver, the preſſure of theatmoſphere on the 
water in the baſon, will drive the water forcibly thro? 
the pipe, and make it play up in a jet to the top of the 
receiver. 


Set the ſquare phial A upon the pump- plate, and hav- 
ing covered it with the wire cage B, put a cloſe receiver 
over it, and exhauſt the air out of the receiver; in do- 
ing which, the air will alſo make its way out of the 
phial, through a ſmall hole in its neck under the valve b. 
When the air is exhauſted, turn the cock below the plate 
to re- admit the air into the receiver; and as it cannot 
get into the phial again, becauſe of the valve, the phial 
will be broke into ſome thouſands of pieces by the preſ- 
ſure of the air upon it. Had the phial been of a round 
form, it would have ſuſtained this preſſure like an arch, 
without breaking; but as its ſides are flat, it cannot. 


To ſhew the elaſticity or ſpring of the air. Tie up a 
very ſmall quantity of air in abladder, and put it under 
the receiver: then exhauſt the air out of the receiver; 
and the ſmall quantity which is confined in the bladder 
(having nothing to act againſt it) will expand itſelf ſo by 
the force of its ſpring, as to fill the bladder as full as it 
could be blown of common air. But upon letting the 
air into the receiver again, it will overpower the air in the 
bladder, and preſs its ſides almoſt cloſe together. 


If the bladder ſo tied up be put into a wooden box, 
and have 20 or 30 pounds weight of lead put upon it in 
the box, and the box be covered with a cloſe receiver; 
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upon exhauſting the air out of the receiver, that air 
which is confined in the bladder will expand itſelf ſo as 
to raiſe up all the lead by the force of its ſpring. 


Screw the pipe A Binto the pump-plate, place thetall 
receiver G H upon the plate c d, as in the 13th experi- 
ment, and exhauſt the air out of the receiver; then turn 
the cock e to keep out the air, unſcrew the pipe from 
the pump, and ſcrew it into the mouth of the copper veſ- 
ſel CC (Fig. 4.) the veſſel having been firſt about half 
filled with water. Then open the cock e (Fig. 3.) and 
the ſpring of the air which is confined in the copper veſ- 
ſel will force the water up thro? the pipe A B in a jet 
into the exhauſted receiver, as ſtrongly as it did by its 
preſſure on the ſurface of the water in a baſon, in the 
thirteenth experiment, 


If a fowl, cat, rat, mouſe, or bird, be put under a re- 
ceiver, and the air be exhauſted, the animal will be at firſt 
oppreſſed as with a great weight, then grow convulſed, 
and at laſt expire in all the agonies of a moſt bitter and 
cruel death, But as this experiment is too ſhocking to 
every ſpectator who has the leaſt degree of humanity, 
we ſubſtitute a machine called the lungs-glaſs, in place of 
the animal, | 


If a butterfly be ſuſpended in a receiver, by a fine 
thread tied to one of its horns, it will fly about inthe re- 
ceiver, as long as the receiver continues full of air; but 
if the air be exhauſted, tho' the animal will not die, and 
will continue to flutter its wings, it cannot remove itſelf 
from the place where it hangs, in the middle of the re- 
cciver, until the air be let in again, and then the animal 


will fly about as before. | 
| Pour 


USEFUL KNOWLEDGE. 123 


Pour ſome quickſilver into the ſmall bottle A, and Exp. 20. 
ſcrew the braſs collar c of the tube B C into the braſs Fig. 5+ 
neck b of the bottle, and the lower end of the tube will be 
immerſed into the quickfilver, ſo that the air above the 
quickſilver in the bottle will be confined there, becauſe 
it cannot get about the joining, nor can it be drawn out 
thro' the quickfilver into the tube. This tube is alſo open 
at top, and is to be covered with the receiver G and large 
tube EF; which tube is fixed by braſs collars to the re- 
ceiver, and 1s cloſe at the top. This preparation being 
made, exhauſt the air both out of the receiver and its 
tube; and the air will by the ſame means be exhauſted 
out of the inner tube B C thro! its open top at C; and as 
the receiver and tubes are exhauſting, the air that is con- 
fined in the glaſs bottle A will preſs ſo by its ſpring on 
the ſurface of the quickſilver, as to force it up in the in- 
ner tube as high as it was raiſed in the tenth experiment 
by the preſſure of the atmoſphere: which demonſtrates a9 
that the ſpring of the air is equivalent to its weight. i 


Put a cork into the ſquare phial A, and fix it in with 3 f 
wax or cement; put the phial on the pump-plate with plac WII. . 
the wire cage B over it, and cover the cage with a cloſe * = 
receiver; then exhauſt the airout of the receiver, and the | | 
air that was corked up in the phial will break the phial | i 
outwards by the force of its ſpring, becauſe there is no | f 
air left on the 9 of the phial to act againſt ag | | : 


air within it. ä 1 


Put a ſhrivelled apple under a cloſe receiver, and ex- Exp. 22. 
hauſt the air; then the ſpring of the air within the apple 
will plump it out, ſo as to cauſe all the wrinkles to diſ- 
appear; but upon letting the air into the receiver again, 
to preſs upon the apple, it will inſtantly return to its for- 


mer decayed and ſhrivelled ſtate, 
| R 2 Take 
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Take a freſh egg, and cut off a little of the ſhell and 
film from its ſmalleſt end, then put the egg under a re. 
ceiver, and pump out the air; upon which all the con- 


| tents of the egg will be forced. out into the receiver, by 


the expanſion of a ſmall bubble of air contained in the 
great end, between the ſhell and film, 


Put ſome warm beer into a glaſs, and having ſet it on 
the pump, cover it with a cloſe receiver, and then exhauſt 
the air. Whilſt this is doing, and thereby the preſſure 
more and more taken off from the beer in the glaſs, the 
air therein will expand itſelf, and riſe up in innumerable 
bubbles to the ſurface of the beer; and from thence it 
will be taken away with the other air in the receiver. 
When the receiver is nearly exhauſted, the air in the 
beer, which could not diſentangle itſelf quick enough to 
get off with the reſt, will now expand itſelf ſo, as to cauſe 
the beer to have all the appearance of boiling; and the 
greateſt part of it will go over the glaſs. 


Put ſome warm water into a glaſs, and put a bit of dry 
wainſcot or other wood into the water; then cover the 
glaſs with a cloſe receiver, and exhauſt the air; upon 
which the air in the wood having liberty to expand itſelf, 
will come out plentifully, and make all the waterto bub- 
ble about the wood, eſpecially about the ends, becauſe 
the pores he lengthways. A cubic inch of dry wainſcot 
has ſo much air in it, that it will gontinue bubbling for 
near half an hour together. 
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Miſcellanecus Experiments, 


SCREW-the ſyringe H (fig. 1.) to a piece of lead that 
weighs one pound at leaſt; and, holding the lead in one 
hand, pull up the piſton in the ſyringe with the other; 
then quitting hold of the lead, the air will puſh it up- 


ward, and drive back the ſyringe upon the piſton, The 


reaſon of this is, that the drawing up of the piſton makes 
2vacuum in the ſyringe, and the air which preſſes every 
way equally, having nothing to reſiſt its preſſure up- 


ward, the lead is thereby preſſed upward, contrary to its 


natural tendency by gravity, If the ſyringe, ſo loaded, 
be hung in a receiver, and the air be exhauſted, the ſy- 
ringe and lead will deſcend upon the piſton-rod by their 
natural gravity z and, upon admitting the air into the 
receiver, they will be driven upward again, until the piſ- 
ton be at the very bottom of the ſyringe, 


Let a large piece of cork be ſuſpended by a thread at 
one end of a balance, and counterpoiſed by a leaden 
weight, ſuſpended in the ſame manner, at the other. Let 
this balance be hung to the infide of the top of a large re- 
ceiver; which being ſet on the pump, and the air ex- 
hauſted, the cork will preponderate, and ſhew itſelf to 
be heavier than the lead; but upon letting in the air 


again, the equilibrium will be reſtored, The reaſon of 


this is, that ſince the air is a fluid, and all bodies loſe as 
much of their abſolute weight in it as is equal to the 
weight of their bulk of the fluid, the cork being the 
larger body, loſes more of its real weight than the lead 
does; and therefore muſt in fact be heavier, to balance 
it under the 9 of loſing ſome of its weight, 

which 
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which diſadvantge being taken off by removing the air, 
the bodies then gravitate according to their real quan- 
tities of matter, and the cork which balanced the lead in 
air, ſhews itſelf to be heavier when in vacug, 


Set a lighted candle upon the pump, and cover it with 
a tall receiver. If the receiver holds a gallon, the can- 
dle will burn a minute; and then, after having gradually 
decayed from the firſt inſtant, it will go out; which 
ſhews that a conſtant ſupply of freſh air is neceſſary to 
feed flame; and ſo it alſo is for animal life; for a bird 
kept under a cloſe receiver will ſoon die, althoꝰ no air he. 
pumped out; and it is found that, in the diving bell, a 
gallon of air is ſufficient only for one minute for a man 


to breathe in. 


The moment when the candle goes out, the ſmoke will 
be ſeen to aſcend to the top of the receiver, and there it 
will form a ſort of cloud ; but upon exhauſting the air, 
the ſmoke will fall down to the bottom of the receiyer, 
and leave it as clear at the top as it was before it was ſet 
upon the pump. This ſhews that ſmoke does not aſcend 
on account of its being poſitively light, but becauſe it is 
lighter than air; and its falling to the bottom when the 
air is taken away, ſhews that it is notdeſtitute of weight, 
So moſt ſorts of wood aſcend or ſwim in water; and yet 
there are none who doubt of the wood's having gravity 
or weight, 


Set a receiver which is open at top, on the air- pump, 
and cover it with a braſs plate and wet leather; and 
having exhauſted it of air, let the air in again at top thro' 
an iron pipe, making it paſs thro? a charcoal flame at the 
end of the pipe; and when the receiver is full of that 
air, lift up the cover, and let down a mouſe or bird in- 

ro 
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to the receiver, and the burnt air will immediately kill 
it. If a candle be let down into that air, it will go out di- 
rectly; but by letting it down gently, it will purify the 
air ſo far as it goes; and ſo by letting it down more and 
more, the flame will drive out the bad air, and good air 


wall get in. 


Set a bell upon a cuſhion on the pump- plate, and co- 
yer it with a receiver; then ſhake the pump to make the 
clapper ſtrike againſt the bell, and the ſound will be very 
well heard; but, exhauſt the receiver of air, and then, if 
the clapper be made to ſtrike ever ſo hard againſt the bell, 
it will make no ſound at all; which ſhews that air is ab- 
ſolutely neceſſary for the propagation of ſound. 


Let a candle be placed on one fide of a receiver, and 
viewed thro' the receiver at ſome diſtance ; then, as ſoon 
as the air begins to be exhauſted, the receiver will be fill- 
ed with vapours, which riſe from the wetleather, by the 
ſpring of the air in it; and the light of the candle being 


refracted through that medium of vapours, willhave tie 


appearance of circles of various colours, of a faint reſem- 
blance to thoſe of the rainbow. 


The air-pump was invented by Otho Gueriche, of Mags 
deburg; but was, much improved by Mr. Boyle, to whom 
we are indebted for our greateſt part of the knowledge 


of the wonderful properties of the air, demonſtrated in 


the above experiments. 


The elaſtic air which is contained in many bodies, and 
is kept in them by the weight of the atmoſphere, may be 
got out of them either by boiling, or by the air- pump, 
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as ſhewn in the 24th experiment: but the fixed air, which 
is by much the greater quantity, cannot be got out but 
by diſtillation, fermentation, or putrefaction. 


If fixed air did not come out of bodies with difficulty, 
and ſpend ſome time in extricating itſelf. from them, 
it would tcar them to pieces, Trees would he rentby 
the change of air, from a fixed to an elaſtic ſtate; land 
animals would be burſt in pieces by the exploſion of air 
in their food, 

Dr. Hales found by experiment, that the air in apples 
is ſo much condenſed, that if it were let out into the 
common air, it would fill a ſpace 48 times as great as the 
bulk of the apples themſelves ; ſo that its preſſure out- 
wards was equal to 1177blb.; and in a cubic inch of oak 
to 198601b, againſt its ſides. So that if the air was let 
loole at once in theſe ſubſtances, they would tear every 
thing to pieces about them, with a force ſuperior to that 
of gunpowder. Hence, in eating apples, it is well that 
they part with the air by degrees as they are chewed, 
and foment in the ſtomach, otherwiſe an apple would 
be immediate death to him who eats it, 


The mixing of ſome ſubſtances with others will re- 
leaſe the air from them all of a ſudden; which may be 
attended with very great danger. Of this we have a re- 
markable inſtance in an experiment made by Dr. Slare; 
who, having put half a dram of oil of carraway- ſeeds 
into one glaſs, and a dram of compound ſpirit of nitre 
in another, covered them both on the air-pump with a 
receiver 6 inches wide, and 8 inches deep, and then 
exhauſted the air, and continued pumping until all that 
could poſſibly be got both out of the receiver and out 
of the two fluids, was extricated: then, by a parti- 

: cular 


USEFUL KNOWLEDGE. . 129 


cular conti ĩvance from the top of the receiver, he mixed 
the fluids together; upon which they produced ſuch a 
prodigious quantity of air, as inſtantly blew up the re- 
ceiver, although it was preſſed down by the atmoſphere 
with upwards of 400 pounds weight. Obſerve in the 
27th experiment, the cork muſt be covered all over 
with a piece of thin wet bladder glued to it, and not 
uſed until it be thoroughly dry, 


The Conſiruflion and Uſe of the Barometer, or Weather Glaſi. 


THIS inſtrument is uſeful for meaſuring the weight 
of the atmoſphere, and in foretelling the changes of the © 
weather, and alſo for meaſuring the height of moun- 
tains, &e. : 


The common barometer conſiſts of a glaſs tube her- 
metically ſealed at one end, and filled with quickfilvery 
and defecated and purged of its air. The finger being 
then placed on the open end, in immediate contact with 
the mercury, ſo as not to admit the leaſt particle of air, 


the tube is inverted, and the lower end plunged into a 


baſon of the ſame prepared mercury (See Miſcellaneous 
Articles.) Then, upon removing the finger, the mercury 
in the tube will join that in the baſon, and the mercu- 
rial column in the tube will ſubſide to the height of 
twenty-nine or thirty inches, according to the ſtate of 
the atmoſphere at that time (See the Scale.) This 1s 
the principle upon which all barometers are conſtructed. 


In the beginning of the laſt century, philoſophers were 
of opinion that the aſcent of water in pumps was owing 
to the abhorrence of a vacuum ; and, that by means of 
ſuction, fluids might be raiſed to any height whatever. 
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But Galileo, who flouriſhed about that time, diſcovered 
that water would not aſcend in a pump unleſs the ſucker 
reached within thirty-three feet of itsſurface in the well, 
From hence he concluded, that not the power ofſuQtion, 
but the preſſure of the atmoſphere was the cauſe of the 
aſcent of water in pumps: that a column of water thir- 
ty-three feet high was a counterpoiſe to one of air of an 
equal baſe, whoſe height extended to the top of the at- 
moſphere ; and that for this reaſon the water would not 
follow the ſucker any farther, From this, ToRRICELL1, 
Galilzo's diſciple, took the hint; and conſidered that, if 
a column of water of about thirty-three feet in height 
was equal in weight to one of air having the ſame baſe, 
a column of mercury no longer than about twenty-nine 
inches and a half would be ſo too, becauſe, mercury 
being about fourteentimes heavier than water, a column 
of mercury muſt be fourteen times ſhorter than one 
of water equally heavy, Accordingly, having filled a 
glaſs tube with mercury, and inverted it into a baſon of 
the ſame, he found the mercury in the tube to deſcend 
till it ſtood about twenty-nine inches and a half above 
the ſurface of that im the baton, 


It was, however, ſome time after the Torricellian ex- 
periment had been made, and even after it had been 
univerſally agreed, that the ſuſpenſion of the mercury 
was owing to the weight of the atmoſphere, before it 
was diſcovered that this preſſure of the air was different 
at different times, though the tube was kept in the ſame 
place, But the variations of altitude in the mercurial 

columns were too obvious to remain long unobſerved : 
and accordingly philoſophers ſoon becamecareful enough 
to mark them, When this was done, it was impoſſible 
to avoid obſerving alſo, that the changes in the height 
of the mercury were accompanied, or very quickly fuc- 
cecded, 
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ceeded. by changes in the weather. Hence, the inſtru- 
ment obtained the name of the Weather-Glaſs; and 
was generally made uſe of with a view to the foreknowe 
ledge of the weather, In this charaQter, its principal 
phenomena are as follow : 


1. The riſing of the mercury preſages, in general, fair 
weather; and its falling, foul weather; as rain, ſnow, 
hie winds, and ſtorms, 2. In very hot weather, the 
falling of the mercury foreſhews thunder. 3. In win- 
ter, the riſing preſages froſt; and in froſty weather, if 
the mercury falls three or four diviſions, there will cer- 
tainly follow a thaw. But in a continued roſt, if the 
mercury riſes, 1t will certainly ſnow. 4. When foul 
weather happens ſoon after the falling of the mercury, 
expect but little of it; and, on the contrary, expect but 
little fair weather when it proves fair ſhortly after the 
mercury has riſen. 5. In foul weather, when the mer- 


. Cury riſes much and high, and ſo continues for two or 


three days before the foul weather is quite over, then 
expect a continuance of fair weather to follow, 6. In 
fair weather, when the mercury falls much and low, 
and thus continues for two or three days before the rain 
comes, then expect a great deal of wet, and probably 
high winds. 7. The unſettled motion of the mer- 


cury denotes uncertain and changeable weather. 8. 


You are not ſo ſtrictly to obſerve the words engraved 
on the plates (though in general it will agree with them) 
as the mercury's riſing and falling; for if it ſtands at 


-much rain, and then riſes up to changeable, it preſages 


fair weather; though not to continue ſo long as if the 
mercury had riſen higher: and ſo, on the contrary, if the 


mercury ſtood at fair, and ON tochangeable, it 3 
| 2 tou 


Prelimina « 
ry rules to 
judge of the 
weather. 


Note. 
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foul weather ; though not ſo much of it as if it had 
ſunk lower. 


From theſe obſervations it appears, that it is not ſo 
much the height of the mercury in the tube that indi. 
cates the weather, as the motion of it up and down: 
wherefore, in order to paſs a right judgment of what 


weather is to be expected, we ought to know whether the 


mercury is actually riſing or falling; to which end the 
following rules are of uſe, 


1. If the ſurface of the mercury is convex, ſtanding 
higher in the middle of the tube than at the ſides, it is 
generally a ſign that the mercury is then riſing. 2. If 
the ſurface is concave, it is then ſinking : and, 3. If it 
is plain, the mercury is ſtationary, or rather if it is a lit» 
tle convex; for mercury being put into a glaſs tube, eſ- 
pecially a ſmall one, will naturally have its ſurface a lit- 
tle convex, becauſe the particles of mercury attract one 


another more forcibly than they are attracted by glaſs. 


4. If the glaſs is ſmall, ſhake the tube; and if the air is 
grown heavier, the mercury will riſe about half the 
tenth of an inch higher than it ſtood before: if it is 
grown lighter, it will fink as much. This proceeds from 


the mercuty's ſticking to the ſides of the tube, which 


prevents the free motion of it till it is diſengaged by the 
ſhock : and therefore when an obſervation is to be made 
by ſuch a tube, it ought always to be ſhaken firſt ; for 
ſometimes the mercury will not vary of its own ac» 
cord, till the weather it ought to have indicated is pre- 
ſent, 


Here we muſt obſerve, that the above-mentioned phe- 


nomena are peculiar to places lying a conſiderable diſ- 
tance 
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tance from the equator ; for in the torrid zone, the mer 
cury in the barometer ſeldom either riſes or falls much, 
In Jamaica, it is obſerved by Sir Milliam Bee/ton, that 
the mercury in the morning conſtantly ſtood at one 
degree below changeable, and at noon ſunk to one degree 
above rain; ſo that the whole ſcale of variation there 
was only three-tenths of an inch, At St. Helena, too, 
where Dr. Halliy made his obſervations, he found the 
mercury to remain almoſt ſtationary whatever weather 
happened. Of theſe phenomena, their cauſes, and why 
the barometer indicates an approaching change of wea- 
ther, the Doctor gives us the following account: 


1. In calm weather, when the air is inclined to rain, 
the mercury is commonly low. 2. In ſerene, good, and 
ſettled weather, the mercury is generally high. 3 Upon 
very great winds, though they be not accompanied with 
rain, the mercury finks loweſt of all, with relation to the 
point of the compaſs the wind blows upon, 4. The 
greateſt heights of the mercury are found upon eaſt- 
erly or north-eafterly winds, 5. In calm froſty weather 
the mercury generally ſtands high, 6. After very great 
ſtorms of wind, when the mercury has been very low, it 
generally riſes again very faſt, 7. The more northerly 
places have greater alterations of the barometerthan the 
more ſoutherly. 8, Within the tropics, and near them, 


thoſe accounts we have had from others, and the obſer- 


vations made at St. Helena, make very little or no varia» 
tion of the height of the mercury 1n all weathers, 


Hence, I conceive, that the principal cauſe of the riſe 


and fall ofthe mercury is fromthe variable winds which 
| are 
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are found in the temperate zone, and whoſe great incon« 
ſtancy, here in England, is notor:ous, 


A ſecond cauſe is, the uncertain exhalation and Preti» 
pitation of the vapours lodging in the air, whereby it 


comes to be at one time much more crowded than at 


another, and con. equently heavier; but this latter de- 
pends'in a great meaſure upon the former. Now, from 
theſe principles, 1 ſhall endeavour to explicate the ſeve- 
ral phenomena of the barometer, taking them in the ſame 
order I have laid them down, Thus, 


1. The mercury's being low inclines it to rain, becauſe 
the air being light, the vapours are no longer ſupported 
thereby, being become ſpecifically heavier than the 
medium wherein they float d; fo that they deſcend to- 
wards the earth, and, in their fall, meeting with other 
aqueous particles, they incorporate together, and form 
little drops of rain: but the mercury's being at one time 


lower than another, is the effect of two contrary winds 


blowing from the place where the barometer ſtands; 
whereby the air of chat place is carried both ways from 
it, and conſequently the incumhent cylinder of air is di- 
miniſhed, and accordingly the mercury ſinks: as, for in- 
ſtance, if in the German ocean it ſhould blow a gale of 
weſterly wind, and, at the fame time, an eafterly wind 
in the Iriſh ſea; or if in France it ſhould blow a north- 
erly wind, and in Scotland a ſoutherly; it muſt be grant- 
ed, that that part of the atmoſphere impendant over Eng- 
land would thereby be exhauſted and attenuated, and the 
mercury would ſubſide, and the vapours which before 
Aoated in theſe parts of the air of equal gravity with 


themſelves, would ſink to the earth. 


2. The 
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2. The greater height of the barometer is occaſioned 
by two contrary winds blowing towards the place of ob- 
ſervation, whereby the air of other places is brought this 
ther and accumulated ; fo that the incumbent cylinder 
of air being increaſed both in height and weight, the 
mercury preſſed thereby muſt needs ſtand high, as long 
as the winds continue ſo to blow; and then the air being 
ſpecifically heavier, the vapours are better kept ſuſpend- 
ed, ſo that they have no inclination to precipitate, and 
fall down in drops ; which is the reaſon of the ſerene 
good weather which attends the greater heights of the 
mercury. | 


3. The mercury ſinks the loweſt of all by the very 
rapid motion of the air in ſtorms of winds, For the 
tract or region of the earth's ſurface, wherein the winds 
rape, not extending all round the globe, that ſtagnant 
air, which is left behind, as likewiſe that on the ſides, can- 
not come in ſo faſt as to ſupply the evacuation made by 
ſo ſwift a current; ſo that the air muſt neceſſarily be at- 
tenuated when and where the ſaid winds continue to 
blow; and that more or leſs according to their violence: 
add to which, that the horizontal motion of the air being 
ſo quick, may in all probability take off ſome part of the 
perpendicular preſſure thereof; and the great agitation 
of its particles is the reaſon, why the vapours are diſſi- 
pated, and do not condenſe into drops ſo as to form 
rain, otherwiſe the natural conſequence of the air's rare- 


faction. las 


4. The mercury ftands higheſt upon the eafterly and 
north- eaſterly wind; becauſe in the great Atlantic 
deean on this fide the thirty- fifth degree of north latitude, 
the winds are almoſt always weſterly or ſouth-weſterly ; 


ſo that whenever here the wind comes up at caſt and 
north- 
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north- eaſt, it 1s ſure to be checked by a contrary gale ag 
ſoon as it reaches the ocean: wherefore, according to 
our ſecond remark, the air muſt needs be heaped over this 
iſland, and conſequently the mercury muſt ſtand high, 

as often as theſe winds blow. This holds true in this 
country: but is not a general rule for others, where the 
winds are under different circumſtances: and I have 
ſometimes ſeen the mercury here ſo low as twenty-nine 
inches upon an eaſterly wind; but then it blew exceed - 
ing hard; and ſo comes to be accounted for by what Was 


obſerved ii in the third remark. - 


5.In calm froſty weather the mercury generally ſtands 
High; becauſe (as I conceive) it ſeldom freezes, but 
when the winds comeout of the northern and north-eaſt» 
ern quarters: or at leaſt unleſs thoſe winds blow at no 
great diſtance off : For the north parts of Germany, 
Denmark, Sweden, Norway, and all that tract from 
whence north-eaſtern winds come, are ſubject to almoſt 
continual froſt all the winter: and thereby the lower air 
is very much condenſed, and in that ſtate is brought hi- 
therward by thoſe winds; and, being accumulated by 
the oppoſition of the weſterly wind blowing in the ocean, 
the mercury muſt needs be preſt to a more than ordinary 
height; and as a concurring cauſe, the ſhrinking of the 
lower parts of the air into leſſer room by cold, muſt needs 
cauſe a deſcent of the upper parts of the atmoſphere, to - 
reduce the cavity made by this contraction to an ei 


librium, 


6. After great ſtorms, whenthe mercury has been very 
low, it generally riſes again very faſt, I once obſerved 
it to riſe one inch and a half in leſs than fix hours, af- 
ter a long continued ſtorm of ſouth-weſt wind, The rea- 


ſon i is, becauſe the air being very much rarefied by the 
great 
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great evacuations which ſuch continued ſtorms make 
thereof, the neighbouring air runs in the more ſwiftly 
to bring it to an equilibrium; as we ſee water runs the 


faſter for having a greater declivity. 


7. The variations are greater in the more northerly 
places; as at Stockholm greater than at Paris (compared 
by M. Paſeball) becauſe the more northerly parts have 
- uſually greater ſtorms of wind than the more ſoutherly, 
whereby the mercury thould fink lower in that extreme; 
and then the northerly winds bringing in the more denſe 
and ponderous air from the neighbourhood of the pole, 
and that again being checked by, a ſoutherly wind at no 
great diſtance, and ſo heaped, muſt of neceſſity make the 
mercury in ſuch caſe ſtand higher in the other extreme. 


8. Laſtly, this remark, That there is little or no varia- 
tion near the equĩinoctial, does, above all others, confirm 
the hypotheſis of the variable winds being the cauſe of 
theſe variations of the height of the mercury; for in the 
places above- named, there 1s always an eaſy galeot wind 
blowing nearly upon the ſame point, viz. E. N. E. at 
Barbadoes, and E. S. E. at St. Helena; ſo that there 
being no contrary currents of air to exhauſt or accumu- 
late it, the atmoſphere continues much in the ſame ſtate: 
however, upon hurricanes, the moſt violent of ſtorms, 
the mercury has been obſerved very low; but this is but 
once in two or three years; and it ſoon recovers its ſet- 
tled tate, about 294 inches. 
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To fill the Barometer Tube. 


IN order to fill a barometer tube to the greateſt per- 
fection, it is neceſſary to obſerye the following rules: 
1. That the tube be at leaſt one fourth of an inch bore; 
but one third of an inch is better. 2. That the tube 


' ought to be new, and clean within when filled, In order 


to this, the tube ſhould be hermetically ſealed at bock 


ends, at the glaſs-houſe when made; one end of which 


may be cut off with a file when you uſe it. 3. The dia- 
meter of the ciſtern that holds the mercury, in which the 
tube is immerſed, ſhould be as large as conveniently may 
be, that the mercury therein may have nearly atall times 
the ſame altitude ; otherwiſe the index will not be true, 
4. The mercury muſt be pure and free from any mix- 
ture of tin, lead, or other metal, 5. It ought to be 
purged from air entirely, as it may be by boiling it, and 
filling the tube with it, while boiling hot, nearly. 6. 
The tube muſt be heated hot when filled, to avoid break- 
ing by the boiling mercury. 7. It ſhould be rubbed 
very hard, to excite the electric virtue, which will ex- 
pel the particles of air from the ſurface within, 


Then take the tube, fig. 7, and nearly fill the ball 
with mercury; after which, place the thumb of your 
right hand upon the end A, and the fore-finger of your 
left upon the end B, holding it downwards, and ſhaking 
it endways, the mercury will run into the tube until it 
be quite filled ; you may then turn it as in the figure, 


and the mercury will fink in the tube to B, which will 


be 293 inches from the ſurface of the mercury in the ball 
at A, if the preſſure of the atmoſphere at that time be 
at changeable, as at Fig, 6, N. B. If any air bubbles 

| ſhould 
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ſhould happen to be left in the tube after it is · filled, 
you muſt invert it, and place your thumb and fore- 
finger as before, and gently knock the end B with your 
finger underneath it, upon a table, while all the air- 
bubbles have riſen into the ball, then it is perfect; but 
this operation is never neceſſary, but when the bore of 
the tube 1s too ſmall, 


The Diagonal Barometer, 

ABC, fig. 8, is atube ſealed at C, immerſedin mer- 
cury at A: this tube is perpendicular from A to B, 
where the ſcale of variation begins; from thence it is 
bent into C B. This part B C proceeds to the higheſt 
limit in the ſcale of variation, viz. I C; and conſe- 
quently while the mercury riſes from C to I in the 
common barometer, it will move in this from B to C; 
and ſo the ſcale will be by this means N e in the 
proportion of B C to I C. 


However, this form being ſubject to a 48 degree of 
friction, on account of the obliquity in the part B C; 
which inclination makes the quickſilver frequehtly di- 
vide into ſeveral parts, requires the trouble of filling the 
tubes anew too often, 


The Horizontal Rectangular Barometer, 


CONSISTS of a tube A C D F, fig. g, ſealed on the 
upper end A, and bent to a right-angle at D, whence it 
has the name of the horizontal rectangular barometer. 


The mercury ſtands in both legs from E to C. The 
T2 ſcale 


Fig. 8. 


Fig. 9. 


Fs: 10. 
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ſcale of variation from D to F, is here made of a larger 
part, and then it is evident, in moving three inches from 
A to C, it-will move through ſo many times g inches 


in the ſmall leg D F, as the bore of D F is leſs than 


the bore of A C, whence the motion of the mercury at 
E muſt be extremely feaſible, This form is liable to 
the like exceptions, as remarked in that of fig. 8; and, 
befides a great degree of friction, and the frequent 
breaking off of the mercury in the leg E, the part DF 
being a very ſmall bore, the free motion of the mercury 
therein muſt be impeded by the attraction of coheſion. 


The Wheel "TENT 


A, fig. 10, repreſents the quickfilver in a glaſs tube, 
having a large round head or ball, and turned up at bots 
tom B; upon the furface of the mercury in the recurved 
leg, there is then placed a ſhort glaſs tube loaded with 
mercury, with a ſtring going over a pulley, and is bas 
lanced by another weight hanging freely in the air. As 
the ſurface at A is very large, and that at B very ſmall, 
the motion of the quickfilver, and conſequently of the 
ball A, will at bottom be very conſiderable z but as the 
weight moves up and down, it turns the pulley, and 
that a hand or index ; and by the divifions of a large 
graduated circle, the minuteſt variations of the air are 
plainly ſhewn, if the inſtrument be accurately made, 
and the friction of the ſeveral parts be inconfiderable, 


For refining mercury, &c. fit for the abovg uſe, : ſee th 
The 


Miſcellaneous Articles, 
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The Air-Gun, A 
THIS pneumatical inſtrument is an ingenious con- 


| trivance, which will drive a bullet with great violence, 


by means of condenſed air, forced into an iron ball, by 
a condenſer (repreſented Fig, 11.) At the end a of this 
inſtrument is a male ſcrew, on which the hollow ball b 
is ſcrewed, in order to be filled with condenſed air, In 
the infide of this ball is a valve, to hinder the air after it 
is injected from making its eſcape, until it be forced 
open by a pin, againſt which the hammer of the lock 
ſtrikes (as at a, Fig. 12.) ; which then lets out as much 
air as will drive a ball with confiderable force to a great 
diſtance. | 


When you condenſe the air in the ball, place your 
feet on the iron croſs h h, to which the piſton rod d e is 
fixed; then lift up the barrel c a, by the handles ii, 
until the piſton at e be brought between o and c; the 
barrel a c will then be filled with air through the hole 
o from o to a, Then thruſt down the barrel a c by 
the handles 11 until the piſton e join with the neck of 


Fig. 17. 


the iron ball at a; the air being thus condenſed between 


o and a will force open the valve in the ball, and when 
the handles 11 are lifted up again, the valve will cloſe 
and keep in the air: ſo by rapidly continuing the ſtrokes 
up and down, the ball will preſently be filled; after 
which unſcrew the ball off the condenſer, and 3 it 


upon another male ſcrew which is connected with the 


barrel, and goes through the ſtock of the gun, as repre- 
ſented at b, Fig. 12, I have frequently injected 13 
dwts, of air into a ball 31 inches diameter, with which 
I diſcharged 15 bullets with confiderable force, 


The 
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There are many contrivances in conſtructing air. 
guns: ſomehave a ſmall barrel contained within a la 
one; and the ſpace between the two barrels ſerves for 
the reception of condenſed air. In theſe fort a valve is 
fixed ata, Fig. 12, with a condenſer fixed to the barrel at 
a and continued through the but- end toc, as ac, Fig, 11, 
where the piſton rod may be always left in; and when 
uſed, an iron pin, one foot long, may be putthrough the 
hole d. Place your feet on the pin, and the whole gun 
ſerves inſtead of the handles i i, Fig. 11, to condenſe the 
air in the barrel. 


The magazine air-gun differs from the common one, 
only by having a ſerpentine barrel, which/contains 10 
or 12 balls ; theſe are brought into the ſhoating barrel 
Sew, by means of a lever; and they may be diſ- 
charged ſo faſt as to be nearly of che ſame uſe with ſo 
many different guns. | 


* 


HY DRAULI CS. 
AND 


HYDROSTATICS. 


DEFINITIONS. 


YDRAULICS is the ſcience of fluids, particu» . 
larly of water, with a ſpecial attention to artifi® | | 
cial water-works; ; and to the laws and motion of fluid F 1 
bodies. | 


| 
. 118 
HYDROSTATICS explain the equilibrium of 1 
fluids, or the gravitation of fluids at reſt; and upon re- 4 
moving that equilibrium, motion enſues: and here by- | 
Caulics commence. 


Hyaraulics, therefore, ſuppoſes Hydroſtatics ; which in- = 
duces me to begin this Treatiſe with Hydroftatics, | 


2. A Sypbor. is a bended tube, as repreſented Plate IX. 
Fig. 5. | 


3. A valve is a ſort of flap or cover, fixed to a pipe 
or other body, which, by opening one way only, ſuffers 
the water to paſs, but not to return.” 


4A 


Note. 
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4. A Piſton is a ſmall cylinder faſtened to the end of a 
rod, and fitted to the bore of a pipe or hollow cylinder ; 
and frequently contains a valve. 135 


5. The Hydrometer is an inſtrument 8 to find 
the ſpecific gravities of fluids, as Fig. 2. 


6. The Hydroſtatic balance ts contrived to 2 the ſpe- 
cific gravities of fluids, and of folds, by weighing them 
in fluids, 


APHORISMS. 


t. WATER is a ſcentleſe, tranſparent, colourleſs 
ſtuid, which, with a certain degree of cold, turns to ice. 


Though fluidity is commonly regarded as an effen- 
tial property of water, yet many philoſophers, particu- 
larly Boyle and Boerhaave, conſider it as an adventitious 
circumſtance, produced by a certain degree of heat; and 
aſſert its natural ſtate to be that of chryſtalline, as 


when in ice. 


2. Water is one of the conſtituent parts of all bodies: 
this is proved by diſtillation; for the dryeſt woods, 


earths, bones, and ſtones pulveriſed, conſtantly yield a 


certain quantity of water. 
3- All fluids, except air, are incompreſſible. 


4. Though water is leſs tranſparent than air, it is 
more penetrative, as it will pervade bodies that air will 
not: this is evident from paſſing through the pores of a 


blad _ 
5. Water 
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5. Water diſſolves ſome bodies, a8 ſalts, | and congluti- 
nates others, as bricks, ſtortes, bones, &c, 


6. Water in its natural ſtate contains the three other 
elements, fire, earth, and air, 


We have already ſaid that water owes its fluidity to heat, 
and it is evident from many experiments with the air- pump, 
that it contains no ſmall quantity of air; and the ſediment 
that is found in all water, except that which is diftilled, 
always contains a quantity of earth. From the laſt ele- 
ment it is ſuppoſed that plants derive all the nouriſhment 
they receive by means of water. 


7. The water, in ſeveral tubes that communicate with 
each other, will ſtand at the ſame height in all of them, 
whether they be ſmall or great, perpendicular or oblique. 


8. The ſurface of water contained in a veſſel will always 
be even, and parallel to the horizon: but in large bodies of 
water, as the fea, or great lakes, the-ſurface will not be plain, 
but ſpherical, as making a part of the terraqueous globe. 


9. In a veſlel of water the prefſure of the upper parts on 
the lower, is in proportion to the depth; and is the ſame at 
the ſame depth, whatever be the diameter of the veſſel. 


10. The preſſure of a fluid upward is equal to its preſſure 
downward, at any given depth. 


11. The bottom and ſides of a veſſel are preſſed by the 
fluid it contains, in proportion to its height, without any 
regard to the quantity. | 
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12. If fluids of different gravities be contained in the 
ſame veſſel, the heavieſt will be at bottom, the lighteſt at 
top, and the reſt in proportion to their ſpecific gravities, 


13. A body that is heavier than an equal quantity of a 
fluid, will ſink in that fluid; if it be lighter, it will ſwim at 
the top; but if it be of the ſame gravity, it will neither ſink 
nor ſwim, but remain ſuſpended in any part of that fluid, 


14. A ſolid immerſed in a fluid is preſſed by that fluid 
on all ſides, in proportion to the height of the fluid above 


the ſolid. Bodies very deeply immerged may be conſidered 
as equally preſſed on all fides, 


15. Every ſolid — in a fluid, loſes ſo much of its 
weight, as is equal to the weight of a quantity of that fluid 
of the ſame dimenſion with the ſolid. 


15. The fluid acquires the weight the ſolid loſes, 


Of Fluidity. 


Sir Iſaac Newton's definition of a fluid is, That it is a 


body yielding to any, force impreſſed, and which has its po 


very eaſily moved one among another, 


It muſt here be remarked, that this definition ſuppoſes 
the motion ſpoken of, produced by a partial preſſure; for in 
the caſe of an incompreflible fluid, it is demonſtrated by 
Dr. Keil, that under a total or an equal preſſure, it would 
be impaſſible the yielding body ſhould move. 


The 
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The original and conſtituent parts of fluids are by the 
moderns conceived to be, particles ſmall, ſmooth, hard, and 
ſpherical z according to which opinion, every particle is of 
itſelf a ſolid; or a fixed body; and when conſidered ſingly, 
is no fluid, but becomes ſo only by being joined with other 
particles of the ſame kind, 


"Tis probable that the particles of fluids are exceeding 
ſmall, becauſe their texture has never yet been diſcovered 
by the fineſt microſcope ; we judge them to be ſmooth, be- 
cauſe they are found eaſily to glide one over another; hard 
and impenetrable, becauſe no fluid we are acquainted with, 
the air excepted, is capable of compreſſion : we conceive 
them to be ſpherical, that they may only touch in ſome 
points of their ſurfaces ; and ſo not only may be the more 
eaſily moved, but alſo form interſtices or vacancies between 


them, which may be proved. 


Were fluids not compounded of primary particles, 
formed as above, but made up of one homogeneous ſub- 
ſtance, without conſiſtence equally denſe ; there would be 
no difference in their ſpecific gravity, and all fluids would 
be of the ſame weight, bulk for bulk, which is contrary to 


experience. 
That fluids have vacuities, will appear upon mixing ſalt 


with water, a certain quantity whereof will be diſſolved, and 


thereby imbibed, without enlarging the dimenſions; A 
fuid's becoming more buoyant, is a certain proof that its 
ſpecific gravity is increaſed, and of conſequence, that many 
of its vacuities are thereby filled; after which it may ſtill 
receive a certain quantity of other diſſoluble bodies, the 


particles whereof are adapted to the vacancies remaining, 
2 without 
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without adding any thing to its bulk, though'the-abſolute 
weight of the whole fluid be thereby increaſed” This 
might be demonſtrated by weighing a phial of rain water, 
critically, with a nice balance: pour this water into a cup, 


and add falt to it: refund of the clear liquor, what will 


again fill the phial; an increaſe- of weight will be found 
under the ſame dimenſions, from a repletion, as has been 
faid, of the vacuities at the freſh water with faline par- 


ticles. 


And as fluids have vacuities, or are not perfectly denſe; 
it is alſo probable, that they are compounded of ſmall 
ſpheres of different diameters, whoſe c be 
ſueceſſively filled with apt materials for that purpoſe : 
the ſmaller theſe interſtices are, the greater will the — 
of the fluid always . 


For inſtance : ſuppoſe a barrel be filled with bullets in 
the moſt compact manner, a great many ſmall ſhot may 
afterwards be placed in the interſtices of thoſe balls; the 
vacuities of the ſhot may then be repleniſhed with a certain 
quantity of ſea ſand ; the interſtices of the ſand may again 
be filled with water; and thus may the weight of the barrel 
be greatly augmented, without increaſing the general quan- 
tity : now this being true with regard to ſolids, is applicable 
alſo to fluids. For inſtance, river-water will diffolve a 
certain quantity of ſalt; after which it will receive a cer- 
tain quantity of ſugar, and after that a certain quantity of 
alum, and perhaps other diſſoluble bodies, and not increaſe 
its firſt dimenſions. 


Was all ſpace abſolutely full of matter, this matter muſt 


either be fluid or fixed. Was it fixed, there could poſſibly 
| | be 
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be no motion therein, as is plain both from reaſon and ex- 
perience ; it muſt therefore be fluid. But a fluid without 
vacuities will be denſer, and conſequently heavier, than all 
fluids; and if denſer, all bodies will emerge, and ſwim 
therein, by hydroſtatical laws, nor could there be ſuch a 
thing as gravity. But as gravity cannot be denied, all ſpace 
therefore cannot be filled, even with a fluid. 


Borelli has demonſtrated, that the conſtituent parts of 
fluids are not fluid; but conſiſtent bodies; and that the ele- 
ments of all bodies are perfectly firm and hard. The in- 
compreſlibility of water, proved by the Florentine experi- 
ment, is a ſufficient evidence alſo, that each primary parti» 
cle or ſpeckle thereof is a perfect and impenetrable ſolid. 


This famous experiment was firſt attempted by the great 
Lord Verulam, who incloſed a quantity of water in lead, 
and found that it inclined rather to make its way through the 
pores of the metal, than be reduced to leſs compaſs by any 
force that could be applied. At Florence this experiment 
was afterwards made more accurately with a globe of fil- 
ver : this being filled with water and well cloſed, was gently 
preſſed, upon which a ſmall quantity of water iſſued from 
the globe in form of dew. 


Sir Iſaac Newton and others have attempted it ſince with 
globes made of gold and other metals, and with equal ſuc- 
ceſs. Mr. Canton has obſerved in ſome experiments made 
by him, that the different ſtate of the air makes water to be 

compreſſed at ſome times more than at others: but though 
naturally it may be thus affected, we cannot by any artificial 
method compreſs it, for as ſoon as the cold is over, it will 


return to its former bulk. 
t | The 
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The Hydroſtatic Balance. 


' THOUGH the hydrometer is the moſt convenient ins 
ſtrument for meaſuring the ſpecific weights of fluids, yet 
for a meaſure of the ſpecific gravity of all ſubſtances, we 
muſt have recourſe to the hydroſtatic balance: which is 
conſtructed in various forms; but we ſhall content our- 
ſelves here with defcribing that which appears of all others 


the moſt accurate. 


VC (Plate IX. fig: 1.) is the ſtand or pillar of this 
hydroſtatic balance, which is to be fixed in a table. From 
the top A, hangs, by two ſilk ſtrings, the horizontal bar 
B B, from which is ſuſpended by a ring i, the fine beam of 
2 balance b: which is prevented from deſcending too low 
on either ſide by the gently ſpringing piece l xy 2, fixed on 
the ſupport M. The harneſs is annulated at o, to ſhow diſ- 
tinctly the perpendicular poſition of the examen, by the 
ſmall pointed index fixed above it. 


The ſtrings by which the balance is ſuſpended, paſſing 
over two pullies, one on each fide of the piece at A, go 
down to the bottom on the other ſide, and are hung over 
the hook at v; which hook, by means of a ſcrew P, is 


. moveable, about one inch and one quarter; backward and 


forward, and therefore the balance may be raiſed or de- 
preſſed ſo much. But if a greater elevation or depreſſion 
be required, the ſliding piece 8, which carries the ſcrew P, 

is readily moved to any part of the ſquare braſs rod V Ky 
and fixed by means of a ſcrew, | 
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The motion of the balance being thus adjuſted, the reſt 
of the apparatus is as follow. H H is a ſmall board, fixed 
upon the piece D, under the ſcales d and e, and is move. 
able up and down in a long flit in the pillar above C, and 
faſtened at any part by a ſcrew behind. From the point in 
the middle of the bottom of each ſcale hangs, by a fine 
hook, a braſs wire ad and a e; theſe paſs through two holes 
m m, in the table. To the wire a d is ſuſpended a curious 
cylindric wire rs, perforated at each end for that purpoſe : 
this wire r s is covered with paper, graduated by equal di- 
viſio d is about five inches long. 


In the corner of the board at E, is fixed a braſs tube, on f 


which a round wire h | is ſo adapted as to move neither too 
tight nor too free, by its flat head I. Upon the lower part 
of this moves another tube Q, which has ſufficient friction 
to make it remain in any poſition required : to this is fixed 


an index T, moving horizontally when the wire-h 1 is 


turned about, and therefore may be eaſily ſet to the gra- 
duated wire rs. To the lower end of the wire r s hangs a 
weight L, and to that a wire p n, with a ſmall braſs ball 
g, about 4 of an inch diameter. On the other fide, to the 
wire ac, hangs a large glaſs bubble R, by a horſe-hair. 


Let us firſt ſuppoſe the weight L taken away, and the 
wire pon ſuſpended by S; and on the other fide, let the 
bubble R be taken away, and the weight F ſuſpended at 
c, in its room. This weight F we ſuppoſe to be ſufficient 


to keep the ſeveral parts hanging to the other ſcale in equi- 


librium; at the ſame time that the middle point of the 
wire p n is at the ſurface of the water in the veſſel N. The 
wire p n is to be of ſuch a fize, that the length of one 
jach ſhall weigh four grains. 
| Now 
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Now it is evident, ſince braſs is eight times heavier than 


water, that for every inch the wire finks in the water it will 


become half a gtain lighter, and half. a grain heavier for 
every inch it riſes out of the water: conſequently by ſink. 
ing two inches below the middle point, or riſing two 
inches above it, the wire will become one grain lighter or 
heavier. Therefore, if when the middle point is at the 
furface of the water in equilibrium, the index T be ſet to 
the middle point a of the graduated wire r s, and the dif. 
tance on each fide a r and a s contains a hundred equal 
tEquired 
to the hundredth part of a grain, it may be eaſily had by 
proceeding in the following manner. 


Let the body to be weighed be placed in the ſcale d. Put 
the weight X in the ſcale e, and let this be ſo determined 
that one grain more ſhall be too much, and one grain leſs 
too little, Then the balance being moved gently up or 
down, by the ſcrew P, till the equilibrium be nicely ſhewn 
at o; if the index T be at the middle point a of the wire r s, 
it ſhews that the weights put into the ſcale e, are juſt equal 
to the weight of the body. By this method we find the ab- 
ſolute weight of the body; the relative weight is found by 
weighing it hydroſtatically in water, as follows. 


Inſtead of putting the body into the ſcale e, as before, let it 
hang with the weight F, at the hook c, by a horſe-hair, as at 
R, ſuppoſing the veſſel O of water were away. The equi- 
librium being then made, the index T ftanding between a 
and r, at the thirty- ſixth diviſion, ſhews the weight of the 
body put in to be 1095, 36 grains. As it thus hangs let it 
be immerſed in the water of the veſſel O, andi it will be- 


come much lighter: the ſcale e will deſcend till the beam 
of 
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of the balance reſt on the ſupport x. Then ſuppoſe 100 
grains put in the ſcale d, reſtore the equilibrium preciſely, 
ſo that the index T ftand at the thirty-ſixth diviſion above 
a; it is evident that the weight of an equal bulk of water 
would, in this caſe, be exactly a hundred grains, 


After a like manner this balance may be applied to find 


the ſpecific gravities of fluids, as is eaſy to conceive from 
what has been ſaid. 


The Hydrometer, 


THIS is the moſt eligible of all inſtruments for finding 


the ſpecific gravity of fluids only, as well for eaſe as ex- 


pedition. 


The globe of the hydrometer ſhould be made of copper, 
for ivoty imbibes ſpirituous liquors, and thereby alters cheir 
gravity, and glaſs requires an attention that is incompatible 
with expedition. The moſt ſimple hydrometer conſiſts of 
a copper ball B b, to which is ſoldered a braſs wire A B, 
one quarter of an inch thick, The upper part of this 
wire being filed flat, is marked progf, at m, fig. 3, becauſe 
it ſinks exactly to that mark in proof ſpirits, There are 
two other marks at A and B, fig. 2, to ſhew whether the 
liquor be 1-tenth above, or below proof, according as the 
hydrometer ſinks to A, or emerges to B, when a braſs 
weight as C or K, is ſcrewed to its bottom c. There are 
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other weights to ſcrew on, which ſhew the ſpecific gra- 


vity of different fluids, quite down to common water. 
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The round part of the wire above the ball, may be mark. 
ed fo as to repreſent river water when it ſinks to R W, fig, 


3, the weight which anſwers to that water being then 


ſcrewed on; and when put into ſpring water, mineral 
water, ſea water, and water of ſalt ſprings, it will gradually 
riſe to the marks 8 P, MI, SE, S A; on the contrary, 
when it is put into Briſtol water, rain water, port wine, 
and mountain wine, it will ſucceſſively fink to the marks 
br, ra, p o, m o. Inſtruments of this kind are ſome- 
times called areometers. 


There is another ſort of hydrometer that is calculated to 
aſcertain the ſpecific gravity of fluids to the greateſt preci- 
ſion poſſible, and which conſiſts of a large hollow ball B, 
fig. 4, with a ſmaller bolt b ſcrewed on to its bottom, partly 
filled with mercury, or ſmall ſhot, in order to render it but 
little ſpecifically lighter than water. The larger ball has 
alſo a ſhort neck at C, into which is ſcrewed the graduated 
braſs wire A C, which, by a ſmall weight at A, cauſes the 
body of the inſtrument to deſcend in the fluid with part of 
the ſtem. | 


When this inſtrument is ſwimming in the liquor con- 
tained in the jar I LM K, the part of the fluid diſplaced 
by it, will be equal in bulk to the part of the inſtrument 
under water, and equal in weight to the whole inſtrument.. 
Now, ſuppoſe the weight of the whole to be four thou- 
ſand grains, it is evident we can by this means compare 
the different dimenſions of 4000 grains of ſeveral ſorts of 
fluids, For if the weight at A be ſuch, as will cauſe the ball 
to fink in rain water, till its ſurface come to the middle 
point of the ſtem 20, and after that, if it be immerſed in 
common ſpring water, and the ſurface be obſerved to ſtand 
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at one tenth of an inch below the middle point 20, it is 


apparent that the ſame weight of each water differs only in 
bulk, by the magnitude of one tenth of an inch in the 


ſtem. 


Now, ſuppoſe the ſtem to be ten inches long and weigh 
100 grains, then every tenth of an inch will weigh one 
grain; and as the ſtem is of braſs, which is about eight 
times heavier than water, the ſame bulk of water will be 
equal to 1-Bth of a grain, and conſequently to the 1-8th of 
1-4 thouſandth part, that is, 1-32 thouſandth part of the 


whole bulk. This inſtrument is capable of {till greater 


preciſion, by making the ſtem or neck conſiſt of a flat thin 
ſlip of braſs, inſtead of one that is cylindrical : for by this 
means we increaſe the ſurface, which is the moſt requiſite 
circumſtance, and diminiſh the ſolidity, which neceſſarily 
renders the inſtrument ſtill more accurate. 


To adapt this inſtrument to all purpoſes, there ſhould be 
two ſtems to ſcrew on and off, in a ſmall hole at a. One 
ſtem ſhould be a ſmooth thin flip of braſs, or rather ſteel, 
like a watch ſpring ſet ſtrait, ſimilar to that we have juſt 
mentioned, on one ſide of which is to be the ſeveral marks 
or diviſions to which it will ſink in different ſorts of water; 
as rain, river, ſpring, ſea, and ſalt ſpring waters, &c. and 
on the other ſide you may mark the diviſions to which it 
links in various lighter fluids, as hot Bath water, Briſtol water, 
Lincomb water, Cheltenham water, port wine, mountain, 
madeira, and other ſorts of wines. But here the weight at 
A on the top, muſt be a little leſs than before, wu it 


was uſed for heavier waters. 
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But in trying the ſtrength of the ſpirituous liquors a 
common cylindric ſtem will do beſt, becauſe of its ſtrength 
and {icadineſs: and this ought to be ſo contrived, that when 
immerſed in what is called proof ſpirit, the ſurface of the 
ſpirit may be upon the middle point 20; which is eaſily 
done by duly adjuſting the ſmall weight A, on the top, and 
making the ſtem of ſuch a length, that when immerſed, in 
water, it may juſt cover the ball and riſe to a ; but when 
immerſed in pure ſpirit, it may riſe to the top A. Then 
by dividing the upper and lower parts A 20, and a 20, into 
ten equal parts each, when the inſtrument is immerſed in 
any ſort of ſpirituous liquor, it will immediately ſhew how 
much it is above or below proof. 


Proof ſpirit conſiſts of half water, and half pure ſpirit, 
that is ſuch as when poured on gunpowder, and ſet on fire, 
will burn all away; and permits the powder to take fire 
and flaſh, as in open air. But if the ſpirit be not ſo highly 
rectified, there will remain ſome water, which will make 
the powder wet, and unfit to take fire, Proof ſpirit of any 
kind weighs ſeyen pounds twelve ounces per gallon. 


The common method of ſhaking the ſpirits in a phial, 
and raifing a head of bubbles, to judge by their manner of 
riſing or breaking, whether the ſpirit be proof or near it, is 
very fallacious. There is no way ſo certain, and at the ſame 
time ſo eaſy and expeditious, as this by the hydrometer : 
which will infallibly demonſtrate the difference of bulks, 
and conſequently the ſpecific gravities in equal weights of 
ſpirits, to the thirty, forty, or fifty thouſandth part of the 


whole, which is a degree of accuracy no one can wiſh to 
exceed, 


My 
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My friend Mr. Dicas of Liverpool has obtained his Ma- 
jeſty's letters patent for the compleateſt hydrometer I have 
yet ſeen, | | | 


On the Syphon. 


IF a ſmall ſyphon, whoſe legs are of equal length, be 
filled with water, and turned downward, the fluid will not 
run off, but remain ſuſpended therein, ſo long as it is held 
exactly level: but when an inclination to either leg is 
given, whereby one in effect is made ſhorter than the 
other, the water will ſhoot out by the longer leg. 


The air is a fluid whoſe denſity near the ſurface of the 
earth is experimentally found to be to that of water, at a 
medium, as 1 to 850; ſo that 850 gallons of air, near the 
earth weigh as much as one gallon of water. Now, ac- 
cording to the nature of all other fluid bodies, the air ꝑreſ- 
ſes the ſurface of all things expoſed to it every way equally. 
When therefore the legs of the ſyphon, equal- in length, 
are turned down, the weight of the atmoſphere above being 
kept off by the machine, the under air, bearing againſt and 
repreſſing the water, endeavouring to fall out of either of 
them, with equal force, keeps it in ſuſpence, and prevents 
its motion. But when by inclining it to either ſide, we in 
effect ſnorten one of its legs, and prolong the other, an ad- 
vantage is given to the weightier fluid to preponderate or 
over-weigh; the water then begins to deſcend, and by its 
continuity brings away the whole. | 


And to obſerve how ſmall an inclination will ſerve this 
purpoſe, one need only take a couple of jars full of water, 
and 
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and hang a ſmall ſyphon, whoſe legs are of equal length, 
upon the edge of one; the external leg whereof will, from 
the ſloping of the jar, naturally incline a little, and the ſy- 
phon will ſoon begin to act, by the attraction of coheſion 
before-mentioned ; then taking it on the edge of the other 
jar, the like will immediately happen: and thus recipro- 
cally may the effect be produced, as often and as ſuddenly 
as you pleaſe, 


And hence the reaſon why in practice the legs of the 
ſyphon are uſually made of unequal lengths; and why the 
ſhorter leg is put into the liquor, and the fluid decanted by 
the other, will in part appear. 


It is evident from what has been ſaid, that the two legs 
of the ſyphon being of equal length in the plane A B, are 
there equally repreſſed by the atmoſphere; and was the 
crane filled with liquor only to that height, and held level, 
no motion of the fluid would follow, till an advantage by 
inclining it ſhould be given as before ſaid, Inſtead of which 
inclination a length of pipe, of ſome inches perhaps, as 
from B to C in the figure, is commonly added to theſe 


machines, which, previous to the operation, is ordinarily 


filled as well as the reſt with a groſs fluid, many degrees 
heavier than a like quantity of air, wherewith it is then 
compared; by the gravity whereof the oppoſite ſide be- 
comes greatly over - balanced: and therefore liquors are by 
this machine uſually decanted with a good deal of rapidity. 


— 
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Of the Syphon diſguiſed. 


A Syphon may be diſguiſed in a cup, from which no 
liquor will flow till the fluid is raiſed therein to a certain 
height; but when the efflux is once begun, it will continue 
till the veſſel is emptied. For inſtance: Fig. 6 is a cup, in 


the center whereof is fixed a glaſs pipe A, continued through 


the bottom at B, over which is put another glaſs tube, 
made air tight at top by means of the cork at C, but left ſo 
open at foot, by holes made at D, that the water may 
freely riſe between the tubes as the cup is filled. Till the 
fluid in the cup ſhall have gained the top of the inmoſt pipe 
at A, no motion will appear: the air however from between 
the two pipes, being in the mean time extruded, by the 
riſe of the denſer fluid, and paſſing down the inner tube, 
will get away at bottom, and the water, as ſoon as the top 
of the incloſed tube ſhall be covered thereby, will very 
ſoon follow, and continue to riſe in this machine, as in the 
ſyphon, till the whole is run off. 


This is called by ſome a Tantalus cup, and to humour the 
thought, a hollow figure is ſometimes put over the inner 
tube, of ſuch length, that when the fluid is got nearly up 
to the lips of the man, the ſyphon may begin to act and 
empty the cup. 


This is in effect no other than if the two legs of the ſy- 
phon were both either in the veſſel, as in Fig. 7, into which 
the water poured will riſe in the ſhorter leg of the machine, 
by its natural preſſure upwards, to its own level; and when 
it ſhall have gained the bend of the ſyphon, it will come 


away by the longer leg, as already deſcribed, 
The 
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and hang a ſmall ſyphon, whoſe legs are of equal 2 0 
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compared ; by the gravity whereof the oppoſite fide be- 
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this machine uſually decanted with a good deal of rapidity. 


_ 


USEFUL KNOWLEDGE. 


Of the Syphon diſguiſed. 


A Syphon may be diſguiſed in a cup, from which no 
liquor will flow till the fluid is raiſed therein to a certain 
height; but when the efflux is once begun, it will continue 
till the veſſel is emptied. For inſtance: Fig. 6 is a cup, in 


the center whereof is fixed a glaſs pipe A, continued through 


the bottom at B, over which is put another glaſs tube, 
made air tight at top by means of the cork at C, but left ſo 
open at foot, by holes made at D, that the water may 


freely riſe between the tubes as the cup is filled. Till the 


fluid in the cup ſhall have gained the top of the inmoſt pipe 
at A, no motion will appear: the air however from between 
the two pipes, being in the mean time extruded, by the 
riſe of the denſer fluid, and paſſing down the inner tube, 
will get away at bottom, and the water, as ſoon as the top 
of the incloſed tube ſhall be covered thereby, will very 
ſoon follow, and continue to riſe in this machine, as in the 
ſyphon, till the whole is run off. 


This is called by ſome a Tantalus cup, and to humour the 
thought, a hollow figure is ſometimes put over the inner 
tube, of ſuch length, that when the fluid is got-nearly up 
to the lips of the man, the ſyphon may begin to act and 
empty the cup. | oY 


This is in effect no other than if the two legs of the ſy- 
phon were both either in the veſſel, as in Fig. 7, into which 
the water poured will riſe in the ſhorter leg of the machine, 
by its natural preſſure upwards, to its own level; and when 
it ſhall have gained the bend of the ſyphon, it will come 
away by the longer leg, as already deſcribed, 
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The Hõdroſtatical Paradox. 


THE hydroſtatical paradox, as by ſome it is called, de- 
pends on the equal preſſure of the parts of fluids every where 


at the ſame depth. It is this: any quantity of fluid, how- 
ever ſmall, may be made to counterpoiſe and ſuſtain any 
weight, how large ſoever. | 


Let ABDG repreſent a cylindrical veſſel, to the inſide 
of which is fitted the cover C, which, by means of leather 


at the edge, will eaſily ſlide up and down in the internal 


cavity, without - permitting any water to paſs between its 


edges and the ſurface of the cylinder, In the cover is in- | 
ſerted the ſmall tube C F, which is open at top, and com- 


municates with the inſide of the cylinder beneath the cover 
at C. The cylinder is filled with water and the cover put 


on. Then, if the cover be loaded with the weight, ſup= - 


poſe of a pound, it will be depreſſed, the water will riſe in 
the tube to E, and the weight will be ſuſtained, If ano- 
ther pound be added, the water will riſe to F, and the 
weight will be ſuſtained, and ſo forth, according to the 
weight added, and the length of the tube. Now the weight 
of the water in the tube is but a few grains, yet its lateral 
preflure ſerves to ſuſtain as much'as the weight of a column 
of water, whoſe baſe is eqyal to that of the cylinder, and 


height equal to that in the tube. Thus, the column EC 


produces a preſſure in the water contained in the cylinder, 
equal to what would have been produced by the column 
AadD; and as this preſſure is exerted every way equally, 
the cover will be preſſed upwards with a force equal to the 
weight of A ad D; conſequently if A a d D would weigh 


a n E C will · ſuſtain a pound. And the like of other 


* 
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heights and weights. And by dimihiſhing the diatne- 
ter of the tube, any quantity of water, how ſmall ſo- 
ever, will in theory ſuſtain any weight, however large, 


The ſame may beſhewn ſimpler; thus, let AGBD 
repreſent a hollow cylinder of wood, which nearly fills 
the cavity. In the cylinder, ſuppoſe a little water, 
whoſe ſurface is g b ; then, if the wooden cylinder be 
put into the hollow one, the water will riſe between the 
ſurfaces to a and d, and the wood will be ſuſtained | 
floating. The nearer the wooden cylinder approaches 
to the ſize of the cavity, the leſs water is neceſſary for 
the experiment, a | 


: The Hydroſtatic Bellows . © 


18 perhaps the beſt machine in the world for demon- Fig. 10 


ſtrating the upward preſſure of fluids. It conſiſts of 
two thick oval boards, each about 16 inches broad, and 
18 inches long, covered with leather, to open and ſhut 
like a common bellows, but without valves; only a pipe 
about three feet high is fixed into the bellows, © Let 
ſome water be poured into the pipe, which will run in- 
to the bellows, and ſeparate the boards a little: then 
lay three weights, each weighing 100 pounds, upon the 
upper board, and pour more water into the pipe, which 
will run into the bellows, and raiſe up the board with 
all the weights upon it; and if the pipe be kept full un- 
til the weights' are raiſed as high as the leather which 
covers the bellows will allow them, the water will re- 

main in the pipe, and ſupport all the. weights, even 
though it ſhould weigh no more than a quarter ofh 
No. XI. Y pound, 
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pound, and they 300 pounds: nor will all their force be 
able to cauſe then to deſcend and force the water out at 


the top bt the pipe, 


The reaſon of this will be made evident, by conſider- 
ing what has been already ſaid of the reſult of the preſ- 
ſure of fluids of equal heights without any regard to the 
quantities, For, if the hole be made in the upper 
board, and a tube be put into it, the water will riſe 4n 
the tube to the ſame height that it does in the pipe; 
and would riſe as high (by ſupplying the pipe) in as 
many tuhes as the board could contain holes. Now, 
ſuppoſe only one hole to be made in any part of the 
board, of any equal diameter with the bore of the pipe, 


and that the pipe holds juſt one quarter of a pound of 


water; if a perſon claps his finger upon the hole, and the 


pipe be filled with water, he will find his finger preſſed 


upward with a force equal to a quarter of a pound; and 
as the ſame preſſure is equal upon all equal parts of the 
board, each part whoſe area is equal to. the area of the 
hole, will be preſſed upward with a force equal to that 
of a quarter of a pound; the ſum of all which preſſures 
againſt the under fide of an oval board 16. inches broad 
and 18 inches long, will amount to 300 pounds; and 
therefore, ſo much weight will be raiſed up and ſup- 
ported by a quarter of a pound of water in the pipe. 


— Hence, if a man ſtands upon the upper board, and 

himſelf op- blows into the bellows through the pipe B, he will raiſe 

pars 95 himſelf upward upon the board: and the ſmaller the 
bore of the pipe is, the eaſier he will be able to raiſe 
himſelf, And then, by clapping his finger on the top 
of the pipe, he can ſupport himſelf as long as he plea» 
{,. provided the bellows be air-tight, fo as not to loſe 
what 1s blown into it, 

| Upon 
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Upon this principle of the upward preſſure of fluids, How lead 
a piece of lead may be made to ſwim in water, by in- — 8 
merſing it to a proper depth, and keeping the water from S 
getting above it. Let C D be a glaſs tube open 
throughout, and E F G a flat piece of lead; exactly fit- Fig. . 
ted to the lower end of the tube, not to go within it, but 
for it to ſtand upon, with a wet leathet between the lead 
and the tube to make cloſe work. Let this leaden bottom 
be half an inch thick, and held cloſe to the tube, by pull- 
ing the packthread I H L upward at L with one hand, 
whilſt the tube is held in the other by the upper end C. 
In this fituation, let the tube be immerſed in water in 
the glaſs veſſel A B, to the depth of fix inches below the 
furface of the water at K: and then the leaden bottom 
E F G will be plunged to the depth of ſomewhat more 
chan eleven times its own thickneſs : holding the tube 
at that depth, you may let go the thread at L, and the 
lead will not fall from the tube, but will be kept to it by 
the upward preffure of the water below it, occafioned 
by the height of the water at K above the level of the 
lead: for as lead is 1,133 times as heavy as its bulk 
of water, and is in this experiment immerſed to a depth 
ſomewhat more than 1 ,133 times its thickneſs, and no 
water getting into the tube between it and the lead, 
the column of water Ea be G below the lead, is preſſed 
upward againſt by the water K DE GL all around the 
tube; which water being a little more than 1, 133 times 
as high as the lead is thick, is ſufficient to balance and 
ſupport the lead at the depth K E. If a little water be 
poured into the tube upon the lead, it will increaſe te 
weight upon the column of water under the lead, 
and cauſe the lead to fall from the tube to the bottom 
of the glaſs veſſel, where it will lie in the ſituation b d. 
Or if the tube be raiſed-a little in the water, the lead 
will fall by its own weight, which will then be too 
1 great 
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great for the preſſure of the water round the tube, upon 


the column of water below it. 


Let two pieces, of wood be planed quite flat, ſo as no 
water may get between them when they are put toge- 
ther : let one of the pieces, as b d, be cemented to the 
bottom of the veſſel A B, and the other piece be laid 
flat and cloſe upon it, and held down to it by a ſtick, 
whilſt water is poured into a veſſel; then remove the 
ſtick, and the upper piece of wood will not riſe from 
the lower one; for as the upper one is preſſed down, 
both by its own weight and the weight of all the water 
over it, whilſt the contrary preſſure of the water is kept 
off by the wood under it, it will lie as ſtill as a ſtone 
would do in its place, But if it be raiſed ever ſo little 
at any edge, ſome water will then get under it, which 
being acted upon by the water above, will immediately 
preſs it upward ; and as it is lighter than its bulk of wa- 
ter, it will riſe and float upon the ſurface of the water. 


All fluids weigh juſt as much in their own elements 
as they do in open air, To prove this by experiment, 
let as much ſhot be put into a phial as, when corked, 
will make it fink in water: and being thus charged, let 
it be weighed firſt in the air, and then in water, and the 
weights in both caſes wrote down. Then as the phial 
hangs ſuſpended. in water, and counterpoiſed, pull out 
the cork, that water may run into it, and it will de- 
ſcend and pull out that end of the beam. This done, 
put as much weight into the oppoſite ſcale as will re- 
ſtore the equipoiſe; which weight will be found to an- 
ſwer exactly to the additional weight of the phial when 
it is again weighed in air with the water in it. 


The velocity with which water ſpouts out at a hole 


in the ſide or bottom of a veſſel, is as this {quare root of 
the 
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the depth or diſtance of the hole below the ſurface of The veloci- 
ty of ſpout» 


the water, For, in order to make double the quantity 
of a fluid run through one hole as through another of 


the ſame ſize, it will require four times the preſſure of 


the other, and therefore muſt be four times the depth of 
the other below the ſurface, of the water : and for the 
ſame reaſon three times the quantity running in an 
equal time through the ſame ſort of hole, muſt run with 
three times the velocity; and conſequently muſt. be 
nine times as deep below the ſurface of the fluid, and ſo 
on. To prove this by experiment, let two pipes, C and 
g, of equal ſized bores be fixed into the fide of the veſſel 
A B, the pipe g being four times as deep below the 
ſurface at b in the veſſel as the pipe Cis; and whilfl 


theſe pipes run, let water be conſtantly poured into the 


veſſel, to keep the ſurface ſtill at the ſame height, 
Then, if a cup that holds a pint be placed ſo as to re- 
ceive the water that ſpouts from the pipe C, and at the 
ſame moment a cup that holds a quart be ſo placed as 
to receive the water that ſpouts from the pipe g, bbth 
cups will be filled at the ſame time by their reſpective 
Pipes, 

The horizontal diftance to which a fluid will ſpout 
from a horizontal pipe, in any part of the fide of an up- 
right veſſel below the ſurface of the fluid, is equal to 
twice the length of a perpendicular to the fide of the 
veſſel, drawn from the mouth of the pipe to a ſemi- 
circle deſcribed upon the altitude of the fluid ; and 
therefore, the fluid will ſpout to the greateſt diſtance 
poſhble from a pipe whoſe mouth 1s at the center of the 
ſemicircle, —becauſe a perpendicular to its diameter 


ing water. 


Fig. 12. 8 


The hori- 


-Zontal diſ- 


lance to 
which was 
ter will 
ſpout trum 
pipes. 


(ſuppoſed parallel to the ſide of the veſſel) drawn from 


that point, is the longeſt that can poffibly be drawn from 
any 


2 
= 
— 72 - — — — — —— - — -- 
—ů — —— —— U ——————————— — — —————— —U—U—Uů—ů‚ “ 
— — — —— — 


166 AN INTRODUCTION TO 


any part of the diameter to the circumference of the 


| ſemicirele. Thus, if the veſſel A B be full of water, 


the horizontal pipe D be in the middle of its fide, and 
the ſemicircle N d e b be deferibed upon D as ac enter, 


with the radius or ſemi · diameter D g N or Df b, the 


perpendicular D d to the diameter N Db is the longeſt 
that can be drawn from any part of the diameter to the 
circumference Nꝗdꝗ e b. And if the veſſel be kept full, 
the jet G will ſpout from the pipe D to the horizontal 


diſtance N M, double the length of the perpendicular 


D d. If two other pipes, as C and E, be fixed into the 
fide of the veſſel at equal diſtances above and below the 
pipe D, the perpendicular, C e and E c, from theſe 
pipes to the ſemicircle will be equal: and the jets F 
and H ſpouting from them, will each go to the horizon- 
tal diſtance N K; which is double the length of either 
of the equal perpendiculars Ce or E H. 


Of Suction by Machines, 


THE quantity of the air's preſſure may be demonſtra- 
ted either by experience on the pump itſelf, or by its 
equipoiſing, and at a medium ſuſtaining 29 and a half 
inches of mercury, a fluid near fourteen times heavier 
than water, in the barometer. And that whereby we 
know that the air's preſſure on the ſurface of the fluid 
cauſes the water to riſe in the pump, and become certain 


that it proceeds from no property, power, or efficacy in 


ſuction, is, that in the air, water, and even a fluid fo 
denſe as mercury, may be raiſed by proper machines 
but if the air's preſſure be removed, it cannot be raiſed 
at all; as may be ſhewn by an exhauſting ſyringe, com- 
monly termed a ſucking ſyringe, to diſtinguiſh it from 
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a forcing or injecting one, or by a common pump. Let Experiment 


this be fixed to a tranſparent tube, and the lower end 
thereof put into a jar of mercury, inclaſed within a tall 
receiver; before the air is exhauſted, if the piſton. be 
raiſed, the mercury will immediately follow: after it 
is exhauſted no ſuch effe& will appear. 


This being determined and certain, all we are to 
underſtand by ſuction is, that whenever by any mechani- 
cal contrivance the preſſure of the air is in any place 
abated, the adjacent matter, urged on by the weight of 
the atmoſphere, will tend thither ; and if that matter be 
fluid, it will riſe ſo far above its common level, till by 
its abſolute weight, a juſt equality is made, to preſerve 
the equilibrium which ought everywhere to exiſt by the 
eſtabliſhed laws of nature. | 


Before Galiko's timB philoſophers fancied this riſe of 
water and other fluids, to be the reſult of nature's abbor= 
ring a vacuum, Not to cavil with the term abbor, which 
can only properly be applied to animal affection; but 
to take it as it was probably intended, in a metaphori- 
cal ſenſe, we may reaſonably enquire how nature came 
to abhor a vacuum in the caſe before us, to the height of 
between zo and 40 feet from the ſurface of the earth, 
and no farther? Had ſhe abſolutely abhorred a vacuum, 
this abhorrence would have been indefinite; and water, 
upon this principle, might have been raiſed 3000 as well 
as 30 feet high. But this is otherwiſe in fact; and by 


experience we find that nature has no anti pathy to a va- 


cuum ; but that in general, one heavy body only riſes when 
another ſuperior in weight deſtends, 


The riſe of water in the ſucking- pump, by the gene- 
ral preſſure of the atmoſphere incumbent on the ſurface 
of 
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of the water in the well, a preſſure not to be excluded 
from the bowels of a body ſo porous as the earth, being 
thus ſettled, the parts of this machine, with the man- 


ner in which they act, will next come under confidera- 


tion. 


On the Pump. 


THIS uſeful piece of mechaniſm was firſt invented by 
Creſebes, a mathematician of Alexandria, about 120 years 
before Chriſt, When the air's preſſure came afterwards 
to be known, it was much improved, and is now brought 
to a great degree of perfection. | | 


Of this machine there are ſimply three kinds, viz. the 
ſucking, the forcing, and the lifting pump. By the 
two laſt, water may be raiſed to any height with an 
adequate apparatus and ſufficient power : by the for- 
mer, it may by the general preſſure of the atmoſphere 


on the ſurface of the well-water, be raiſed no more than 


33 fect, as was before hinted, though in practice it is 
ſeldom applied to the raiſing it much above 28 ; be- 
cauſe from the variations obſerved on the barometer, 
it is apprehended that the air may on certain occaſions 
be ſomething lighter than 33 feet of water; and when- 
ever that ſhall happen, for want of the counterpoiſe, 
this pump may fail in its performance, 


On the Sucking-Pump. 


THE common and moſt uſual pump, conſiſts of à 
pipe open at both ends, in which there is a fliding piſ- 
ton as large as the bore, which by means of the hand, 
or ſome other contrivance, may be moved up and down 
without ſuffering ' any air to come between it and the 
ſides of the pipes; which is alſo called the barrel, 
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If the lower end of this pipe and piſton be put into 


water, and the piſton, by lifting away the column of up- 


per air, a vacuum will be made in the pipe, upon which 
the atmoſphere preſſing upon the well- water, will force 


it to follow the piſton even to the height of 33 feet, if 


the ſtroke could be of that continued length; and if 
there be a valve or clack, ſomething like a trap- door, to 
ſhut downward, as Fig. 2, placed in ſome convenient 
part of the pipe, below the water ſo raiſed, as at C, 
Fig. 1, it will be retained therein ; but if this contri- 


vance is wanting, upon letting down the piſton again, 


the water will recede along with it towards the ſpring; 
ſo that by the motion of the piſton up and down, the 
water indeed might riſe and fink in the barrel at every 
ſtroke ; but without an under valve to confine and keep 
it there, none can be drawn for ſervice in the com- 


mon way. 


E | 
The frame A of theſe valves is uſually made of wood, 


exactly fitted to the bore of the pipe, and not over thick, 
that it may not ſtop too much of the water-way; to this 
the hinge of the leather flap B, which is uſually ined 
with lead, not only 'to make it fall readily, but to give 
it ſtrength ſufficient to bear the weight of the water 
raiſed without warping, is commonly nailed, | 


In this kind of pump there is beſides this fixed valve, 
a moveable one for conveniency, placed in the piſton as 
at D, alſo opening upwards, or the way the water 1s to 
riſe, Such a piſton is commonly called the bucket, 


When the bucket of this machine deſcends, if the 
bore of the pipe be already full of water, the reſiſtance 
No. XI. 5 Tas; thereof 


Fig. 2, 


Fig. 1. 


Fig. 1. 
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thereof will puſh open the moving valve, and part of 
the water will get above, and when the piſton is drawn 
upwards, this valve will cloſe under the incumbent 
weight, and the water will be raiſed by the force applied; 
ſo that whenever the moveable valve, by being raiſed, 
is made to lift the weight of the column, as well of air 
as of water lying thereon, the fixed valve is diſcharged 
of all preſſure ; and then a quantity of water, preciſely 
equal to that lifted and drawn off by the bucket, will by 
the ordinary preſſure of the atmoſphere (as was ſaid) on 
the water in the well, be forced or rather weighed up 
through it to repleniſh the pipe or barrel. This alters 
nate action of the two valves is viſible through the glaſs 
pumps, and is worthy of remark. 


= - * 
= _ 88 3 


fore water can be drawn, that air muſt be exhauſted, | 
which may be done if the piſton-yalve be tight, by the | 
ordinary motion thereof ; but for the greater certainty 
and expedition, water is commonly poured thereon 

| down the pipe, vulgarly called fetching the water; 

| : Which is of no other ule than to wet the valves, and to 

N 

| 

' 


© But if the bore of this machine be full of air only, be- 


ſupple the collar of leathers fixed to the piſton, and 
ſpread it that it may lie cloſe to the ſides of the barrel, 
and ſuffer neither the upper air nor water to eſcape by 
it, when it is moved up and down, 


= The firſt ſtroke of the pump, if ſufficiently long, will 

| make a vacuum in the pipe; if otherwiſe, an approach 
| is only made towards it, and but a part of the contained 

| air lifted away ; upon which the air remaining in the 
cavity of the bore, from its natural ſpring, will be con- 
fiderably dilated : to reſtore the natural denſity where- 
of, the atmoſphere then preſſing harder on the well water 


than the dilated air does on that in the pipe, will cauſe 
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the water to riſe therein ſo far, as that, together with 
the included air (yet a little rarefied by the depending 
weight of water) it ſhall juſt counterpoiſe the weight of 
the outward air. The very ſame thing will happen 
again on a repetition of the ſtroke, till by degrees the 
water ſhall have reached the moving valve, and then 
the proceſs will go on ſteadily as before deſcribed, And 
water, by means of this contrivance, may be raiſed to 
any height whatever, if the power applied be fufficient 
to lift the weight, and the pipes ſtrong enough to bear 
the fluid's natural p e 


The preſſure on oy pipes in pump-work is in pro- 
portion to the ſtanding height of the fluid above the 


part conſidered: but the weight incumbent on the bucks 
et (or moving valve) of # pump in action, is nearly pro- 
portionable to that of a column of water raiſed: for tho 
the puſh of the atmoſphere on the ſurface of the ſpring, 
when the bucket riſes, be really equal to the Weight of 
33 feet of water; yet is this refiſtance counterbalanced 
exactly by the weight of the atmoſphere, ever incum- 
bent on the ſurface of the water thereby raiſed s ſo that 
all the advantage to be obtained by, or expected from 
hydraulic machines, or engines to raiſe water, as well 
indeed as from all other pieces of mechaniſm whatever, 
is only the putting matters into a convenient method of 
being executed, and the performance depends on'the 

moving power entirely, under the mn of fric- 
tion always againſt it. — 


Of the Diſpoſition * PumpeWork. 


A Pump intended to raiſe water to any height hat- 
ever, will always work as eaſy, and require no greater 
2 2 power 


— — 
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power to give motion to the bucket, if both the valyes 
be placed towards the bottom of the pipe, than if they 


were fixed 33 feet above the ſurface of the water. 


The 4 of the piſton thus low in the as will 
beſides prevent an inconvenience which might happen, 
were it placed above, viz. in caſe of a leak beneath the 
bucket, which, in a great length of pipe, may very ea- 


ſily happen, the outward air getting through, would hin- 
der the neceſſary rarefaction of the air in the barrel, on 


moving the piſton ; and conſequently the pump might 
fail in its operation. This can only effectually be pre- 
vented by placing the pump-work in or near the water, 
In which caſe, ſhould any leak happen upward, it will 
only occaſion the loſs of ſome of the water, without any 
other inconvenience. And the leather valves being 
thus kept under water, will always be found ſupple, pli- 
ant, and in a fit condition to perform their office. 


It may indeed be here objected, that the ſpecific 
weight of the iron rod, to which the bucket is fixed, 


will be an incumbrance to the working of the pump; 


but if it be made of oak, when well ſoaked, it will be 


nearly of the ſame ſpecific weight with water, and ſo 
no burden on the moving power when the ſtroke is 
fetched. 


Placing the pump-work (that is, the valve and piſton) 
pretty low and near together, will alſo prevent the in- 
convenience of our not being able in all caſes to fetch 
up water from the ſpring, by the ordinary pump, when 
of an equal bore, by reaſon of the ſhortneſs of the ſtroke; 


which therefore | cannot rarefy the air ſufficiently to 


bring 


© 1 1 „ oO, as 
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bring the water up to the piſton from the lower valve. 


For inſtance: take a ſmooth barrelled pump, 21 feet 
long, having its piſton fetching ſuppoſe a foot ſtroke, 


placed above, and the clack or fixed valve at the other 
end below, By the playing of the piſton, admit it poſ- 


fible for water to riſe 11 feet; or if you will, let water 


be poured on the clack, to the height of 11 feet, and 
refit the piſton, there will remain ſtill 9 feet of air 
between it and the water, which cannot be ſufficiently 


rarefied by a foot- ſtroke to open the clack, or fetch up 


more water: for in this caſe the air can only be rarefi- 
ed in the proportion of 9 to 10; whereas to make a bare 
equilibrium with the atmoſphere, it ought to be as 9 to 
13 and a half: ſince, as 22 or the complement of 11, to 
33 feet of water the weight of the whole atmoſphere 


is to 33 feet or the atmoſphere, ſo is the interval ſpo- 


ken of, to 13 and a half; to complete which, the ſtroke 
ought to be atleaſt 4 feet and a half long, 


However, by filling the whole void between the piſton' 


and clack at firſt with water, this laſt objection might 
be removed. 


Of the Diſpaſition of Pipes of Conduit. 


IN ſome caſes the pump cannot be placed conveni- 
ently perpendicular to the well ; for example, being to 
raiſe water out of the well at A by means of a pump at 


B, the beſt way will be to carry the barrel as low as the 


ſpring is, communicating therewith by means of the 
pipe at C. The bucket then playing in the barrel B C, 
will have the ſame effect as if the well was made per- 

pendicular 


Fig. z. 
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pendicular to the pump; becauſe the water by its pro- 
per weight, will always repleniſh B C, through A, 
through the level of the well-water at F, 


And if it ſhould happeR, from ſome conſiderable im- 
pediment, that the barrel cannot go down to the well 
directly, it may be led about any other way for ſake of 
convenience, And then making the pipe of convey- 
ance E, leſs in diameter than the barrel, it will ſooner 
be exhauſted of air, by moving the piſton; and the 
water will follow very briſkly, as by the leaden pump 
at D. 


It will, however, always be more eaſy to draw water 
with pipes that are large, and of an equal bore through- 
out, becauſe the water will have a leſs velocity in them, 
and the friction will be in proportion leſs. Upon this 
account, the pumps ordinarily made by the plumbers, 
go not ſo eaſy as thoſe bored out of trees; becauſe, by 
making their pipe that brings up water from the ſpring 
ſo much leſs than the bucket, they, as it were, wire» 
draw the water raiſed, If the barrel, for inſtance, be 
four inches in diameter, and the pipe of conduit one, 
it will in riſing move fixteen times as faſt through this 
as it will in that, to the expence of needleſs labour, as 
well as the great wear and friction of the machine. 


For the like reaſon, it will alſo be a fault to bore a 
pump conically upward, becauſe the water cannot with 
freedom get away ſo faſt, as a vacuum may be made in 
the moving piſton ; and the reflection of the water from 


the fides, will always be a hindrance to the operation. 


In practice, however, it is generally obſerved, that 
ſuch leaden pumps as work pleaſantly, and are light 
| on 


* 
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on the hand, have the water-way in the ſucking pipe 


nearly equal to one-fourth of the area of the barrel; 
and accordingly an inch and half pipe will pretty well 
ſupply 'a three inch barrel; and a four inch barrel 
ſhould have a leading-pipe nearly two inches in diame- 
ter, | 5 


Of tht Liſting-Pump. 
| | * 
THE ſtructure of the lifting- pump differs from that 

of the ſucking-pump in nothing but the diſpoſition. As 
that has its fixed valve below and the moveable one 
above, in the barrel AB (Fig. 1.) this is juſt the contra» 
ry, as C and D. As the bucket or piſton of that is mo- 
ved by a rod within the bore of the pipe, this is ſo by 
means of a ſtrong frame fixed to a rod without at E. 
As in that it is of advantage, for fear of a leak, to have 
the pump-work, if poſſible, in or near the ſource of wa- 
ter; this in practice is commonly ſo done, and for that 
reaſon is very ſeldom ſubjed to any failure in its per- 
formance,” An elbow in this kind of pump, to lead the 
lifted water clear of the playing of the rod, which of 
neceſſity muſt move perpendicularly, is unavoidable. 
The friction occafioned hereby will however always 
be leſs the nearer this bend comes to a ſtraight line. 


Fig. 4s | 


From the name and ſtructure of this machine, it may 
be imagined, perhaps, that the air's preffure is not of 
equal ſervice 'to this kind of pump as to the former; 
but it is quite otherwiſe. For if both valves be not 
perfectly air-tight, water cannot be well raiſed thereby 
but in caſe neither of them is defective, water will be 

ed} i raiſed 


: 
ö 
: 
| 
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riſe, but are ablandelr to hinder its return. 


* — 
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raiſed to very good purpoſe, by much the ſame kind of 


proceſs as that of the ſucking pump, before explained. 
Nor is there any doubt but that if two machines, a 
ſucking and a lifting- pump, were made of equal bores, 
wrought with equal force, and were in every circum- 
ſtance alike, they would be found of equal ſervice in 
raiſing water. : 


— 

g * 
* 7 : * 
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On the bra bub. if 1 


7 > 


- THIS pump Aan of A barrel A B, a piſton orfor- | 
cer C, leathered upwards; that it may withſtand the 


preſſure of the atmoſphere from above, that ſo by ſuck | 
ing, when raiſed, it may bring up the water to ſupplx 
the barrel; and ' tis alſo leathered downwards, that when 


repreſſed, it may reſiſt the weight of the water to be for- 
ced up, or raiſed for uſe. There are always two fixed 
valves in this kind of pump; ; one in ſome convenient 
part of the ſucking- pipe, as at D, the other in the branch: 
ing or forcing pipe, as E. Theſe ought in like manner 
to be air-tight, and ſo diſpoſed as to let the water wy 


4 


"When the forcer is firſt moved nein the barrel, 
the air between that and the water below, having room 
to dilate, by its natural ſpring, will of courſe be rarefied; 


the preſſure of the atmoſph-re- being intercepted by the 
force of the barrel A B, on one hand, and by the upper 


valve at E in the branching-pi pe on the other, the water 
will riſe from the ſpring into A B, for the reaſon already 
given; and repeated ſtrokes of the piſton will fetch up 
the fluid to the forcer, and fill the cavity of the 


pipes 
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* e the fixed valves D and E. This done, 


the water in this manner ſucceffively raiſed, being hin- 
dered from going down again by the lower valve, will 
be preſſed by the forcer every time it deſcends, and be 


thereby obliged to make its way where the leaft refiſt- 


ance is, viz, through the upper valve at E. And when · 
ever, on the riſing of the forcer, this preſſure intermits, 
the valve at E will immediately cloſe under the weight 
of the upper water, and prevent its return that way, 
while the piſton is riſing with a freſh ſupply : and * 
Is s repeated at 128 ſtroke of the forcer. | 


Deferipen e Pump invented by, M ds is Hire, i 
' raiſes Water equally quick by the Deſcent as by I 


w 7. Nen i in the * 


A A is a well, in which the Boer ends of the pipes Fig. 6. 


B and Cate placed. D is the pump- barrel, into the 


lowermoſt end of which the top of the open Pipe B is 
ſoldered, and in the uppermoſt end the hollow pipe 8 is. 


ſoldered, which opens into the bar; and the top of 
the pipe C is ſoldered into that piece. Each of theſe 
| Pipes has a valve on its top, and fo. have 'the crooked 


pipes Eand F, whoſe lower ends are open into the mw | 


barrel, and 88 upper ends into the box G. 


H is the 3 its center of n motion is at I; 


and as it is moved\up and down, it moves the ſolid 


plunger K, up and down in the barrel, by the ſtraight 
rod.or ſpear L, which moves air-tight in a long collar 


of leather in the neck M; and the plunger never goes 


No. XII. Aa | © higher 
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higher than K, nor lower than D; ſo that from K te 
D is the lenge of the ce. 


ho the plunger riſes from D to K, the 0 
(preſſing on the ſurface of the water A A in the well) 
forces the water up the pipe B, through the valve b, 


and fills the pump-barrel with water up to the plunger ; 


and during this time, the valves e and S lie cloſe and 
air-tight on the tops of the pipes E and 1 


When the plunger is up to its 8 rg at K, 


it ſtops there for an inſtant, and in that inſtant the 


valve b falls, and ſtops the pipe B at top. Then, as the 
plunger goes down, it cannot force the water between 
K and D back through the cloſe valve b, but forces all 


that water up through the crooked pipe E through the 
valve e, which then opens upward by the force of the 
water; and this water, after having filled the box G, 
riſes into the pipe N, and runs off by the ſpout at O. 


During the deſcent of the plunger K, the valve f 
falls down, and covers the top of the crooked pipe F; 


. and the preſſure of the atmoſphere on the well A A 


forces the water up the pipe C, through the valve 8, 
which then opens upward by the force of the aſcending 


water; and this water runs from S into the pump-bar- 


rel, and fills all the ſpace in it above the plunger. 


When the plunger is down to its loweſt deſcent at D, 
and ſtops there for an inſtant, in that inſtant the valve 
S falls down, and ſhuts the top of the pipe C; and then, 
as the plunger is raiſed, it cannot forte the water above it 


back ſhrough the valve 8, but drives all that water up to 


the 


\ 
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crooked pipe F, through the valve f, which opens up- 
ward by the force of the aſcending water; which water, 
after filling the box G, is forced up from thence into 
the pipe N, and runs off by the ſpout at O. 


And thus as the plunger deſcends, it forces the water 
below it up the pipe E; and as it aſcends, it forces the 
water above it up the pipe F, the preſſure of the atmo- 
ſphere filling the pump barrel below the plunger through 
the pipe B while the plunger aſcends, and filling the 
barrel with water above the plunger, through the pipe 
6: as the plunger e down. 


And thus there is as much water forced up the pipe 
N, to the ſpout O, by the deſcent of the plunger, as by 
its aſcent ; and, in each caſe, as much water diſcharged 
| at O as fills. that part of the * as the plunger 
ore up and down in. 


4 On the * of che pipe O is a cloſe air veſſel P. When 
the water is forced up above the ſpout O, it compreſſes 
the air in the veſſel P; and this air, by the force of its, 
ſpring acting on the water, cauſes the water to run off 
by the ſpout O in a conſtant and (very ws: equal 
ſtream. | 


* 


whatever the height of the ſpout O be above the ur- 
face of the well, the top S of the pipe C muſt not be 3a 
feet above that ſurface; becauſe if that pipe could be 
entirely exhauſted of air, the preſſure of the atmoſphere 
in the well would not force the water up the pipe to a 
greater height than 32 feet: And if 5 be within 24 
feet of the ſurface of the well, the pump villbe ſo much 
the better, 


[ . 
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As the collar of leathers within the neck M is apt to 
dry and ſhrink when the pump is not uſed, and conſe- 
quently to let air get into the pump-barrel, which 
would ſtop the operation of the atmoſphere in the- pipe 
C; I think collars of old hats might be uſed inſtead of 
leathers, as they would not be liable to that inconve- 


nience. 


It matters little what the fize of the pipe N be, thro? 
which the water 1s forced up to the ſpont ; but a great 
deal depends on the ſize of the pump- barrel; and accord- 
ing to the height of the ſpout O above the ſurface f 
the well, the diameter of the bore of the barrel ſhould be 


as follows: 


For or 10 feet high the bore ſhould be 6-9 inches; for 
- 15 feet 5. 6; for 20 fret 4.9; for 25 feet 4.4; for 30 
feet 4.0: for 35 feet 3. 7; for 40 feet 3.5; for 45 feet 
3.33 for 50 feet 3.1; for 55 feet 2.9; for 60 feet 2. 8; 
for 65 feet 2. 7; for 70 feet 2.6; for 75 feet 2. 5; for 
80 feet 2. 5 will do; for 85 feet 2. 4; for go feet 2. 33 
for 95 feet 2.2; and for 100 feet, the diameter of the 
bore ſhould not exceed 2. 1 or 2. 2 inches at moſt, If 
theſe proportions are attended to, a man of common 
ſtrength may raiſe water 100 feet high by one pump, as 
eaſily as he could raiſe it 10 feet high by another. 


In this pump the pipes B and C ſeem to be rather too 
ſmall; which will cauſe the water riſing in them to have 
a great deal of friction from the quickneſs of its motion: 
and whoever makes ſuch a pump, will find it very diffi- 
cult to make leathers in the neck M water-tight, ſo as 
that no water ſhall be forced out that _ when the 
piſton 1 is drawn up. | : 
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** Pump, on a more ſimple Confetti, invented ” 
Mr. Nable. | 


THIS pump deſerves notice, as it keeps a continual 
ſtream ; being compoſed only of one ſtraight pipe, or 
tube, and two piſtons, having each a bucket and a valve. 
It raiſes as much water with the ſame power, and ia the 

ſame time, as two barrels with four valves will do; and 
being ſimple in its principles, may betonſtrufted reaſon- 
able, compared with M. by la Hire's Pump. 


Ats 2 ſtraight tobe, d or barrel, in which two buckets 
work: the bucket B is worked by the rod C; and the 
bucketD is worked by the rod E; which rod goes thro? 
a hole in the bucket B, and is moved up and down by 
two circular pieces of wood F, fixed to two handles g g, . 
which cauſes one bucket to aſcend with its load, and o 
vice . 


4 o- 


% 


An Engine for raifeng Water by @ continual Stream, by wioans 4 
Hair Rope, Invented by Sieur Vera. \ 


A is a wheel 4 feet over, having an axis and a winch: Fix · 
BB, two pullies 14 inches diameter, in order to keep 
the ropes to a proper diſtance in the well, and be in con- 
tact with a greater ſurface of the wheel: CC, a hair- 
rope, near one inch diameter: O, a reſervoiyto collect 
the water: E, a ſpout to convey the water from the re- 

' ſeryoir: P, the top of the well: G, the ſurface of the wa- 
ter in the well : H, a frame in which the lower pulley I. * 

5 | is 


. 
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is fixed: I, a pulley under which the rope runs, in order 
to keep it tight: K, the handle to turn the wheel: LLL, 
a box made of thin boards, in order to collect the water 


into the reſeryoir D. 5 


When the handle K is turned about with a conſider- 
able velocity, the water which adheres to the rope C C 
(in wells not very deep) is very conſiderable; the rope 
thus paſſes through the tube D, which, being 5 or 6 
inches higher than the bottom of the reſeryoir, hinders 
the water from returning back into the well, and is con- 
veyed in a continual ſtream through the ſpout E. Thave 


ſeen ſome of the above engines improved by Mr. Stam- 


ford, which have raiſed a greater quantity of water than 
any perſon unſkilled in hydraulics, could ſuppoſe in the 
fame time, from ſuch a fimple contrivance, " 


An Engine io raiſe Water by Fire. 


The Marquis of Worceſter, in his Century of Inventions 
(printed A. D. 1663) was the firſt who propoſed raiſing 
great quantities of water by the force of fire, turning 


water into ſteam ; and he mentions ſome engine of this 


kind which he ſaw, which played a continual ſtream, in 
the manner of a fountain, 40 feet high. He alſo ſays, 
a perſon attending it turned two cocks ; that one veſſel 
of water being conſumed, another begins to force and re- 


fill with cold water; and this alternately and ſucceſſively, 


the fire being attended and kept as equal as poſſible. 


Captain Savery having read this account, attempted 
toraiſe water by fire; and was the firſt who erected an en- 


gine for this purpoſe, of the form we have ſince had 
them. 
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them. To ſecure the invention to himſelf, he bought 
up all the marquis s books that he could find, and burnt 
them; and then gave it out that he — the me- 
thod by accident. He made many experiments to bring 
the machine to perfection, and erected ſeveral for gen- 
tlemens ſeats; but could not ſucceed for mines, the 
depth from which water was to be raiſed from thence, 
being ſo great, that it required the ſteam too danger- 
* ſtrong to be W nN in his way. 


Thus the progreſs of the engine was ſtopped till, long 
afterwards, Mr. Newcomen, an ironmonger, and Mr, 
John Cawley, a glazier, contrived another way to raiſe 
water by fire, where the ſteam to raiſe the water from 


| the greateſt depths of mines 1s not required greater 


than the preſſure of the atmoſphere z and this is the 
preſent ſtructure of the common engine, and which is 
now of about 80 years ſtanding. | 


/ 


References to the Common Fire Engine, 


A the boiler, 
B the cylinder, 
© the injection cock, 
D the ſteam cock, or regulator, 


E the ſhifting clack, 


F the eduction pipe, or ſinking pipe. 


Fig. 3. 


and keep a regular ſtream. 
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G the eduQion valve, | E 
H the ſafety valve. 


- 1 the piſton, 


K the lever beam. 


L weights to counterpoiſe the piſton, and to preſs 
the forcer down in the pump-barrel M, to drive the 


water through the pipe or ſpout N. 


O a ciſtern to hold the injection water. 


P an air veſſel to hinder the pipe N from burſting, 


% 


A is a copper veſſel, partly filled with water to d e, 
which being ſet over a fire and made to boil, will fill 
the upper part A D with a vaſtly elaſtic vapour, the 
ſufficient ſtrength whereof is known by its fqrcing open 
a valve at H. This heated elaſtic ſteam is, by turning a 
cock at D, let into«the barrel B, where, by its elaſtic 
force, it raiſes the piſton I, which drives the air above 
it through a proper clack at the top. After this, that 
the piſton may by its weight deſcend, a little cold wa- 
ter from the ciſtern O, is let in at the bottom, by turn- 
ing a cock at C, which, in form of a jet, condenſes the 
hot ſteam 1n the barrel into 13,000 times leſs ſpace than 
it took up before; which makes a ſufficient vacuum for 
the piſton to deſcend in, The piſton I and lever K, 
being thus put into motion, do accordingly raiſe andde- 
preſs the piſton a, in the barrel M of the forcing pump, 
on the other fide ; which, by the pipe O, draws the water 


from the depth W, and forces it to riſe and ſpout thro? 


the 
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the tube N, coptigued to any height at pleaſure, This 
engine is uſed to draw the water from coal-pits and 


other mines. There are various other engines, of a more 


complex ſtructure; but az they act upon the ſame com- 
mon principle, it 1s needleſs tg ar any ting more of 
dem Heres | 


 Theonly improyement that has heen mad in the fire» 


engine, for thirty years paſt, the public will very juſtly 
attribute to the ſagacity of Mr. Watt, whoſe {kill in 


pneumatics, mechanics, and hydraulics, is gyinced by 
the powerful application of claitic vapour, and by mak- 
ing a more perfect yacuum, nearly like that of the haro- 
meter, in his new · conſtructed fire · engine. 


But before I can explain Mr. Watt's engines, it is 
neceſſary to premiſe a ſhort account of the imperfections 


of the common —_ and their eue. 


the paint at which it boils in the open air, becomes an 
elaſtic fluid, uniform and tranſparent, about half the 
gravity of atmoſpheric air, very much greater in bulk 
chan the water of which is is compoſed, and capable of 
being agaln reduced to water when brought into con- 
4aR with matter of 2 leſs degree of heat than itſelf. 


The preſſure of the 3tmoſphere, or any equivalent 


reſiſtance, preyents the production of Ream, until the 
water be heated to 272 degrees of Fahregheir's mermo- 
meter; but hen that preſſure is removed, or the water 
placed in a veſſel exhautted of air, ſteam is produced 


- Tho flown. 98 vapour vhich acife en Mö F- 
| ned f in a cloſe veſſel, and heated a few degrees above 
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from it when it is colder than the human blood, On 

the contrary, if water be preſſed upon by air or ſteam, | 
which are more compreſſed than the atmoſphere, a de- 
gree of heat above 212 degrees, is neceſſary for the pro- 
duction of ſteam ; and the difference of heats at which 
water boils under different preſſures, increaſes in a leſs 
proportion than the preſſures themſelves ; ſo that a 


double preſſure requires leſs than a double increaſe of 


ATR "_ 1 

The experiments which have been publiſhed eon- 
cerning the bulk of water when converted into ſteam, 
are erroneous; and the concluſions drawn from them 
make that bulk greater than it really is. It has been 
known for ſome time, that water would boil in an ex- 
hauſted receiver at a low degree of heat. 


If we confider the common ſteam-engine, we - ſhall 
find i it defeQtive firſt, becauſe the vacuum is produced 
by throwing cold water into the cylinder to condenſe 


the ſteam : that water becomes hot, and, being in a 


veſſel partially exhauſted, produces a ſteam, which in 
part refiſts the preſſure of the atmoſphere upon the piſ- 


ton, and leſſens the power of the engine, The ſecond. 
defect is the deſtruction of ſteam, which unavoidably 
happens upon attempting to fill a cold cylinder with 


that fluid; for the injection- water, at the ſame time that 
it condenſes the ſteam, not only cools the cylinder, hut 
remains there until it be extruded at the eduction- pipe 


by the ſteam which is let in to fill the cylinder for the 


next ſtroke; and that ſteam will be condenſed into wa- 
ter as faſt as it enters, until all the matter it comes in 


contact with be nearly as hot as itſelt. 


Every 
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Every att empt to make the vacuum more perfect by 

the addition of injection-water, will cool the cylinder 
more effectually, and cauſe a greater deſtruction of ſteam 
in the next filling; and if the engine has already a pro- 
per load, the deſtruction of ſteam will proceed in a greater 
ratio, than the increaſe of power by the amendment of 
the vacuum. 


: Though it appears that the conſtructors of ſteam · en- 
gines have never inveſtigated theſe cauſes; yet they have 
been ſo ſenſible of the effects, that a judicious engineer 
does not attempt to load his engine with a column of 
water heavier than ſeven pounds for each ſquare inch of 
the area of the piſton, 

' 

Mr. Watts lmnmroment is founded upon theſe, and 
ſome other collateral obſervations, He preſervesan uni- 
form heat in the cylinder of his engines, by ſuffering 
no cold water to touch it, and by protecting it from the 
air or other cold bodies, by a ſurrounding caſe filled with 
the ſteam or with hot air or water, and by coating it over 
vith ſubſtances. that tranſmit heat ſlowly, He makes 
his vacuum to approach nearly to that of the barometer, 
by condenſing the ſteam in a ſeparate veſſel, called the 
condenſer ;—which may be cooled at pleaſure without 
cooling the cylinder, either by an injection of cold water, 
or by ſurrounding the condenſer with it; and generally 
by both, He extracts the injection- water and detached 
air from the cylinder or condenſer, by pumps, which 
are wrought by the engine itſelf ; or he blows it out by 
the ſteam, - As the entrance of air into the cylinder 
would ſtop the operation of the engines, and as it is hard- 
ly to be expected that ſuch enormous piſtons as thoſe of 
ſteam- engines can move up and down, and yet be abſo- 

B b 2 lutely 
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from it when it is colder than the human blood, On 
the contrary, if water be preſſed upon by air or ſteam, 
which are more compreſſed than the atmoſphere, a de- 
gree of heat above 212 degrees, is neceſſary for the pro- 
duction of ſteam ; and the difference of heats at which 
water boils under different preſſures, increaſes in a leſs 

proportion than the preſſures themſelves ; ſo that a 


double preſſure requires leſs chen a double increaſe of 


wer rh _ | 

The experiments which have been publiſhed con- 
cerning the bulk of water when converted into ſteam, 
are erroneous; and the concluſions drawn from them 
make that bulk greater than it really is. It has been 
known for ſome time, that water would boil in an ex- 
hauſted receiver at a low degree of heat, 


If we confider the common ſteam-engine, we ſhall 
find it defective; firſt, becauſe the vacuum is produced 
by throwing cold water into the cylinder to condenſe 
the ſteam : that water becomes hot, and, being in a 
veſſel partially exhauſted, produces a ſteam, which in 
part refiſts the preſſure of the atmoſphere upon the piſ- 


ton, and leſſens the power of the engine. The ſecond. 
defect is the deſtruction of ſteam, which unavoidably 
| happens upon attempting to fill a cold cylinder with 


that fluid; for the 1njeQtion-water, at the ſame time that 
it condenſes the ſteam, not only cools the cylinder, hut 
remains there until it be extruded at the eduction- pipe 


by the ſteam which 1s let in to fill the cylinder for the 


next ſtroke; and that ſteam will be condenſed into wa- 
ter as faſt as it enters, until all the matter it comes in 


contact with be nearly as hot as itſelf. 


Every 
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Every att empt to make the vacuum more perfect by 
the addition of injection-water, will cool the cylinder 
more effectually, and cauſe a greater deſtruction of ſteam 
in the next filling; and if the engine has already a pro- 
per load, the deſtruction of ſteam will proceed in a greater 
ratio, than the increaſe of power hy the amendment of 


the vacuum. 


Though it appears that che conſtructors of ſteam- en- 
gines have never inveſtigated theſe cauſes; yet they have 


been ſo ſenſible of the effects, that a judicious engineer 


does not attempt to load his engine with a column of 
water heavier than ſeven pounds for each ſquare inch of 
the area of the piſton, 

# 

Mr. Watt's improvement is founded upon theſe, and 
ſome other collateral obſervations, He preſervesan uni- 
form heat in the cylinder of his engines, by ſuffering 
no cold water to touch it, and by protecting it from the 
air or other cold bodies, by a ſurrounding caſe filled with 
the ſteam or with hot air or water, and by coating it over 


with ſubſtances that tranſmit heat ſlowly, He makes 


his vacuum to approach nearly to that of the barometer, 
by condenfing the ſteam in a ſeparate veſſel, called the 
condenſer ;—which may .be cooled at pleaſure without 
cooling the cylinder, either by an injection of cold water, 
or by ſurrounding the condenſer with it; and generally 
by both. He extracts the injection- water and detached 
air from the cylinder or condenſer, by pumps, which 
are wrought by the engine itſelf; or he blows it out by 
the ſteam, - As the entrance of air into the cylinder 


would ſtop the operation of the engines, and as it is hard- 


ly to be expected that ſuch enormous piſtons as thoſe of 
ſteam-engines can move up and down, and yet be abſo- 
B b 2 lutely 
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linder. 
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lately air-tight in che common engines, ä ftresm of 


Water is kept always running on the piſton, ieh pre- 


vents the entry of the air; but this mode of ſecuring the 


piſton, though not hurtful in the common onts, would 


be highly prejudicial in the new engines, Their piſton 
is there fore made more accurately; and theoutward cy- 
linder having a lid which covers it, the ſteam is pro- 
duced above the piſton 3 and when a vacuum is intro» 
duced utider it, acts upon it by its elaſticity, as the at- 
moſphere does on common engines by its gravity, This 
way of working, effeQtually excludes the ait from the in- 
ner cylinder, and gives the advantage of adding to the 
power, by increaſing the elaſticity of the ſteam, 
References to the new improved Fire- Engine, 
A the boiler. 
B the ſafety valve. 


C the pipe which conveys the ſteam to the outer ey- 


D the outer cylinder. 
E the inner cylinder, 


F the piſton. 


G the valve that admits the ſteam from the outer cy- 
linder into the inner cylinder, called the ſteam- valve. 
| H the 
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H che valve that ddihits the ſteam from the imer ey; 
lindet into the condenſer, called the condenſing valve. 
E. 1 85 


I the condenſer; 


K the injection · valve that admits 4 jet of cold watet 
into the condenſer to condenſe the ſteam. 
L the air pump that exhauſts the condenſer both of 


air and the inje&ion-watet that is let in every ſtroke, and 
is fixed under water in the condenſing back M. 


N the lever beam. 


O the great water-pump for elearing the mines, or 
talſing water for other uſes through the pipe P. 


The interfial ſtructure of the new engine ſo much res 
ſembles the common ones, that I expect thoſe who know | 
that machine will underſtand this; from the following 3 
deſcription 1 | 


The cylinder, the great beams, the pumps, &c. ſtand | 8 | 
nearly in their uſual poſitions, The cylinder is ſmallet 4 
than uſual in proportion to the load, and is very actu- \ M | 
rately bored. In the moſt complete engines, it is ſur- * 
rounded at a ſmall diſtance with another cylinder, fur- - 
niſhed with a bottom and lid, The interſtice between | 
the cylinders, comthunicates with the boiler by a large [7 
pipe, open at both ends, ſo that it is always filled with 
ſteam, and thereby maintains the inner cylinder always 
of the ſame heat with the ſteam, and prevents any con- 
denſation within it which would be more detrimental 
than an equal condenſation in the outer one = 


' = 
The | 
= 

= 
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The inner cylinder has a bottom and piſton as uſual; 


and as it does not reach up quite to the lid of the outer 
cylinder, the ſteam in the interſtice has always free ac- 
ceſs to the upper ſide of the piſton. The lid of the out- 
er cylinder has a hole in its middle; and the piſton rod, 
which is made truly cylindrical, moyes up and down 
through that hole, which is kept tight * a collar of oake 
um ſcrewed down upon it, 


At the bottom of the inner cylinder, there are two 
regulating valves; one of which admits the ſteam to paſs 
from the interſtice into the inner cylinder below the piſ- 
ton, or ſhuts it out at pleaſure; the other opens or ſhuts 
the end of a-pipe, which leads to the condenſer. The 


_ condenſer conſiſts of one or more pumps furniſhed with 


clacks and buckets (nearly the ſame as in common 
pumps) which are wrought by chains faſtened to the 
great working beam of the engine, The pipe, which 
comes from the cylinder, is joined to the bottom of theſe 
pumps, and the whole condenſer ſtands immerſed in a 
ciſtern of cold water ſupplied by the engine, The place 
of this ciſtern is either in the houſe under the floor, be- 


tween the cylinder and the lever wall; or without the 


houſe, between that wall and the engine * as CON» 
veniency may require. 


The condenſer being exhauſted of air by blowing, and 
both the cylinders being filled with ſteam, the regulating 


valve which admits the ſteam into the inner cylinder is 
ſhut, and the other regulator which communicates with 


the condenſer 1s opened, and the ſteam ruſhes into the 
vacuum of the condenſer with violence; but there it 
comes into contact with the cold fides of the pipe and 
pumps, and meets a jet of cold water which was opened 
at 


* 
I 
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at che ſame time with the exhauſtion- regulator; theſe 
inſtantly deprive it of its heat, and reduce it to water; 
and the vacuum remaining perfect, more ſteam conti- 


nues to ruſh in and be condenſed, until the inner cylin- 
der is exhauſted. Then the ſteam which is above the 


piſton, ceaſing to be counteracted by that which was be- 
low it, acts upon the piſton with ĩts whole elaſticity, and 
forces it do deſcend to the bottom of the cylinder, and 


ſo raiſes the buckets of the pumps which are hung tothe 


other end of the beam, The exhauſtion- regulator is 
now ſhut, and the ſteam-one opened again; which, by 
letting in the ſteam, allows the piſton to be pulled up by 
the ſuperior weight of the pump rods :. and ſo the _—_— 
18 ready for another ſtroke. 


The working of theſe engines is- more regular and 
ſteady than the common ones; and, from what has been 
ſaid, their other advantages are apparently very conſi- 
derable ; but to ſay exactly how much they excel com- 
mon engines, is difficult, as common engines differ very 


much among themſelves, I am told, that the fayings | 


amount at leaſt to two- thirds of the fuel; which is a very 
conſiderable object where coals are expenſive. 


_ OPTICS 


Plate XII. 


Fig. Is 


8: i 8 1 os is 


S the ſenſe of ſecing is the nobleſt belonging to an 
animal; without which he would live in perpetual 
darkneſs, unable to perform the neceſſary exerciſes of life; 
and ſince all that has been demonſtrated of glaſſes, and 
will hereafter be demonſtrated of all optical machines, 
tend only to this ſingle end, to help and improve the 
ſenſe of ſeeing; and ſince the eye is the organ or in- 
ſtrument by which viſion is performed, —it is by nature 
an optical inftrument, and the foundation of all others; 
and therefore it cannot be amiſs to give a ſhort —_ 


tion thereof, 


ABCE is the eye, its figure ſpherical ; by reaſon of 
which, it is eafily moved any way in its ſocket, The 
fore-part at A is more convex than the reſt, It is con- 
tained in three membranes; the outermoſt is the Sclerotica; 
the ſecond the Tunica Choroides; the fore-part is called 
the Iris, which conſiſts of many fibres, like ſo many radii, 


The third, or innermoſt, is called the Retina; which 


is nothing but the optic nerve, ſpread ever the bottom 
of the eye. 


In theſe are contained the three humours of the eye; 


the firſt is H A I, called the Aqueous humour, which is a 
| thin 


needs 
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thin liquor like water. The ſecond is FG the G 
talline, in form of a lens, more convex behind towards C, 
Adjoining to this 1s the third K L, called the /itreous 


humour. 


The chryflalline is more denſe than the vitreous, and 


the vitreous more denſe than the aqueous humour, and all 


together make a compound lens, which refracts the rays of 
light, iſſuing from an object P R, to the bottom of the eye, 


and there paints its image p r in the focus upon the retina 


inverted. r | 


The keene of the aqueous humdur is a meniſcus, and ſo 
is that of the vitreous. The fore part of the ſclerotica is 
called the Cornea, and that part adjoining to it, is called the 
M bite of the eye. Within the cornea is à coat called the 
Lvea; in the middle of this is a hole O called the Pupil, 
to let in the rays of light. And the pupil is contracted or 


dilated by ſeveral muſcular fibres in the uvea or iris, accord» | 


ing as more or leſs light falls on the eye, and that by an in- 
voluntary motion. 


D is the optic nerve going from the retina to the com- 
mon ſenſorium in the brain, where theſe images are per- 
ceived. This is not in the middle of the eye, but hes . 
the ſide E, which is towards the noſe. 


Round che edge of the chryſtalline FG is a ring of 


fibres, by the help of which the diſtance A C is made lon- 


ger or ſhorter, in order to bring the image pr upon the re- 
tina, for diſtinct viſion. And perhaps theſe fibres alſo make 
the chryſtalline more or leſs convex at the ſame time, This 

No, XII. Cc ring 
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ring of fibres is called the Ligamentum riliure; and its back 
part is black, to ſtifle the rays that are reflected upon it, 


The eyeis moved in the head by ſeveral muſcles inſerted 
in the ſclerotica, ſo that it may be quickly directed to any 


object. 


If the image of an object does not fall upon the retina, 
at Þ r, the viſion will be confuſed. If it falls ſnort, or 
nearer FG; then a concave lens that makes the rays more 
diverging will bring them to the retina. This is the caſe 
of purblind or ſhort-ſighted people, who are forced to look 
very near an object ; or IP muſt wiſe concave * 
tacles. 3 

* 

If the rays do not unite till they get beyond the retina, as 
in moſt old people; then a common convex lens of a due 
force, held between the eye and the object, will make them 
converge, and fall upon the retina. Therefore long- ſighted 
people muſt uſe convex ſpectacles. 


Although the image is painted inverted in the eye, yet 
we judge it erect ; n ſo by cuſtom 


— 


But that viſion is effected in this manner, may be de- 
monſtrated experimentally. Take a bullock's eye while it 
is freſh, and having cut off the three coats from the back 
part, quite to the vitreous humour, put a piece of white 
paper over that part, and hold the eye towards any bright 
object, and you will ſee an inverted picture of the object 
upon the paper, 


Seeing 
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Seeing the image is inverted, many have wondered why 
the object appears upright. But we. are to conſider, 
1. That inverted-is only a relative term: and 2. That 
there is a very great difference between the real object and 
the means or image by which we perceive it. When all 
the parts of a diſtant proſpect are painted upon the retina, 
they are all right with reſpe to one another, as well as the 


parts of the proſpect itſelf ; and we can only judge of an 


object's being inverted, when it is turned reverſe to its na- 
tural poſition, with reſpect to other objects which we ſes 
and compare it with. If we lay hold of an upright ſtick in 
the dark, we can tell which is the upper or lower part of it, 
by moving our hand upward or downward ; and know very 
well that we cannot feel the upper end by moving our hand 


downward, Juſt fo we find by experience, that upon di- 


recting our eyes towards a tall object, we cannot fee its top 
by turning our eyes downward, nor its foot by turning our 
eyes upward; but muſt trace the object the ſame way by 
the eye to ſee it from head to foot, as we do by the hand 
to feel it; and as the judgment is informed by the motion 
of the hand in one caſe, fo it is alfo by the motion of the 
eye in the other, 

The diameters of images at the bottom of the eye, as, 
p r, are proportioned to the angles which the objects ſub- 
tend at the eye, as POR; the fame as in a lens; andare 
reciprocally as the diſtances of the ſame object viewed in 
different places. 


The eye is in reality no more than a camera obſcura; for 
the rays of light flowing from all points of an object, 
through the pupil of the eye, do by the refraction of the 
humours of the eye, paint the image thereof in the bottom 
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of the eye; juſt ſo it is in the camera obſcura, where all 
the rays refracted by a lens in the window-ſhut, or paſſing 
through a ſmall hole in it, paint the image on the oppolite 
wall, Some properties of the eye are theſe ; | 


| 1ſt. The eye can only ſee a very ſmall part of an object 
diſtinctly at once. For the collateral parts of an object are 
not repreſented diſtinctly in the eye; and therefore the eye 
is forced to turn itſelf ſucceſſively to the ſeveral parts 
of the object it wants to view, that they may fall near 
the axis of the eye, where alone diſtinct viſion is per- 
formed. | | 


2d. When any point of an object is ſeen diſtinctly with 
both eyes, the axis of both eyes are directed to that point, 
and meet there. And then the object appears ſingle, though 
looked at with both eyes. For the optic nerves are ſo 
framed, that the correſpondent parts in both eyes lead to 
the ſame place in the brain, and give but one ſenſation ; 
and the image will be twice as bright with both eyes as 
with one. But if the axis of both eyes are not directed to 
the object, that object will appear double, as the pictures 
in the two eyes do not fall upon correſpondent or ſimilar 
parts of the retina. | 


3d. The beſt eye can hardly diſtinguiſh a particle of mat- 
ter that ſubtends at the eye an angle leſs than half a minute, 
And very few can diſtinguiſh it when it ſubtends a minute, | 
If the diſtance of two ſtars in the heavens be not greater 
than this, they will appear as one. | 


4th. Young dd can ſee nearer hand than old people ; 
for as men grow old their eyes grow more flat; and to cor- 
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rect the rays of licht at the retina, the object muſt be 
placed further off. And this is the reaſon that ſhort-ſighted 
people, as they grow older, ſee at a greater diſtance, 


5th. Though men may ſee diſtinctly at different diſtances, 
by altering the poſition and figure of the chriſtalline, yet 
they can only ſce diſtinctly within certain limits, and nearer 
than that, objects appear confuſed, But theſe limits arenot 
the ſame in different people. A good eye can ſee diſtinctly 
when the rays fall parallel upon it; and then the 1 
focus is at the bottom of the eye. ö 
th. If a good eye views an object at the leaſt diſtance 
it can be ſeen diſtinctly, and then at twice that diſtance, and. 
then at an infinite diſtance ; there is about the ſame altera- 
tion made in the figure of the eye, between the two laſt 
caſes, as there is between the two firſt, 


57th. If a ſhort-ſighted perſon cam ſee an obje@ diſtinly 
at two diſtances, whereof one is double the other; as great 
an alteration muſt be made in the figure of his eyes to ſee . 
it at an infinite diſtance, as there was made for the firſt two 
diſtances, or as great an alteration as is made in a good eye 
to ſee diſtinctly from the greater diſtance to infinity. And 
therefore a ſhort-ſighted perſon can ſee diſtinctly at all 
diſtances with a fingle concave glaſs, of a proper figure. 
And hence the cauſe of ſhort- ſightedneſs is not a want of 
power to change the figure of the eye; but that power is 
not great enough to accommadate it to all ailtances taken 
from a point {6 near the eye, 


8th. A man can judge at a ſmall diſtance with a ſingle 
eye, by trequently obſerving how much variation is made 
| in 
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in the eye to make the abject diftinit ; and from this a ha- 
bit of judging is acquired. But this cannot be done at 
great diftances, becauſe, though the diftance be varied, the 
chance in the eye becomes then inſenſible. 


th. But a man can judge of greater diſtances with both 
eyes, than he can with one eye. For the eyes being at a 
diſtance from one another, as long as that diſtance has a 
ſenſible proportion to the diſtance of the object, one gets a 
habit of judging, by the poſition of the axis of the eyes, 
which are always directed to that point. For different dif. 
tances require different poſitions of the axis, which depends 
on the motions of the eyes which we feel. But in very 
great diſtances, no judgment can be made from the motion 
of the eyes, or their internal parts. Therefore we can 
only gueſs at the diſtances from the magnitude, colour, and 
the poſition of interjacent bodies. 


Whatever light falls upon that part of the retina, 
where the optic nerve D ſprings, makes no impreſſion ; and 
therefore, if the picture of an object falls thereon, it is not 


perceived, and that object is inviſible, This will appear 


by placing a fmall bright object before you, and looking at 
it with one eye, and moving one eye laterally towards the 
contrary ſide (towards. the left, if it be the right eye), the 
object will &fappear, and ſeem to be loſt; and moving it ſtill 


further; it will appear again, Now: this place is not at the 


bottom of the eye, but nearer the noſe in both of them; fa 
that no rays, either parallel or diverging, that come from 
any object, can fall upon that place in both the eyes; fo 
that any object we direct the eyes to, will always be viſible, 
at leaſt to one eye, But the ſame bright object may be 
made to diſappear to both eyes, by directing the axis of 
both 
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both eyes to a point a little 23 the noſe, to be found 
by trials. 


11th. Dimneſs of fe generally ch old people; and 
this may ariſe from two cauſes ; 1. by the eyes growing 


flat, and not uniting the rays at the retina, which cauſes 
indiſtinctneſs of viſion ; or, 2. by the opacity of the hu- 
mours of the eye, which in time loſe their tranſparency/in 
ſome degree; from whence it follows that a great deal of 


the light is ſtopt and loſt, that enters the eye ; and my 
object appears faint and dim. 


' 12th, A's the rays of light flowing from an object, and 
painting its image upon the retina, are the immediate cauſe 
of ſeeing; ſo where there is no liglit, there can be no 
viſion: conſequently without light, the eye becomes 2 
machine utterly uſeleſs; as it can give us no minner 
of informatian of the exiſtence of bodies at a diſtance 
from us, 


DEFINITIONS; - 


Iprics! is a ſcience which teaches the nature, bo- 

perties, and laws of Viſion, ariſing from the rays 

of light, either-refleFed from the ſurfaces of bodies, or re- 
fracted in paſſing through them, and painting the iges 
of objects on the Retina on the bottom of the eye. Alſo 
this ſcience, in its moſt extenfive acceptation, comprehends 
the whole doctrine of Light and Colours, and all the Phe. 
nomena or appearances of viſible objects. Optics, there- 


fore, conſiſt of three parts, viz. Cateprics, OR and 
Chromatiche 


* 2. Cateprics 
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2. Catoprics is that part which treats of Reflex Viſion, ot 
all that relates to the viewing of objects by light reflefted 
from the ſurfaces of bodies, whether plain, convex, concave, 
or otherwiſe ; and in rays diverging, converging, Or parallel 
to each other. 


* Dilptrici treats of the properties of light and viſion, 
ariſing from rays paſſing through tranſparent Media or bo- 
—_ as Air, V 1 Glaſs Chryftal, Diamond, &c. 
, ag | 
4. ieee treats of the Colours of light and natural 
bodies. Of this part Sir IJſaac Newton's Optics almoſt 


entirely — 


5. Libri is der property of and bodies by which objects 
are rendered viſible, or capable of being ſeen by the eye. It 
conſiſts of very ſmall particles, which imme from the lumi- 


nous s body 1 in ſtraight lines. 


6. Rays r Beam of light, are thoſe ſtreams or emana- 
tions of light, which proceed from the luminous body and 
enlighten or illuminate all olyefts » that they may be = 


7. The Radient i is 1 body or © objec which emits, or 
from which proceeds the rays of light under conſideration, 
at any time. | | 

8. The Species of an object is the image or repreſenta- 
tion thereof made by the rays of light in the Focus, of 
place where they unite. 


9. Parallt 
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9. Parallel rays, are ſuch as proceed equally diſtant from 121 
each other through all their courſe; as thoſe from the Sun, Fig. 2. 
and other vaſtly diſtant objects, | 


10. Converging rays are ſuch as, proceeding from a body, 
approach nearer and nearer together in their progreſs, tend- 
ing to one certain point, where they all unite ; thus the rays 
proceeding from the object AB to the point F, are ſaid to Fig. 3. 
converge towards that point. 


11. Diverging rays are thoſe, which, proceeding from 
any point, as A, do continually recede from each other as 
they paſs along in their courſe towards B C. Fig. 4. 


Pp 


12. The Focus of Rays is that point to which all con- 
verging rays tend, and in which they unite and interſect 
each other; as the point F. And this is called the Real Fig. 3 
Focus; but © . 


13. The Virtual or 8 Re is a on. as 5 te to 
which the rays A B tend, and where they wou'd unite, 
were they not intercepted by the obſtacle (ſuppoſe a mir- Fig- 5- 
rour) C D; by which means they are turned —_ and 


made to converge in their Real Focus F. 


* 


14. Reflatien of rays is their Regrif or Ag from 
the ſurface of ſuch bodies on whieh they fall, and cannot 
penetrate or enter. Thus the ray B C Elling on the ſur- Fig. 6 
face A D, 1s refleted or turned back or up . in the 
direction CE. 


15. The Plane of Reflection is that in which the reflecting 
point, or ſurface, is ſituated, as A D and a d. Fig. 5, 8. 
No. XIII. D d 16. Mirrours 
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16. Mirrours or Speculums are thoſe bodies whoſe ſur- 
faces are fo very ſmooth, and fine poliſhed, as to be imper- 


vious to the rays of light which fall on them, and which 


therefore they reflect ſo intirely, as to repreſent the Images 
of Objects oppoſed to them. Theſe are generally made of 
metal, or glaſs poliſhed on one fide, and filvered on the 
other, and are either plain, convex, or concave. 


17. Plain Mirrours are thoſe whoſe ſurfaces are perfect 
Planes, and whoſe ſection is a fraight Line, as A D. Note, 
theſe are vulgarly called Zooking-Glaſſes, 


18. Convex Mirrours are ſuch whoſe ſurfaces do every 
way equally and uniformly riſe above the plane of their baſes 
or loweſt parts; the ſection of which ſorts of mirrour is a 
Curve, either Circular, Elliptical, Parabolical, or Hyperbo- 
lical. Where A CD is a Circular ſection, and the Mirrour 
is the ſegment of a Globe, or Spherical ſurface, which are 
moſt of common uſe. As, 


19. Concave Mirrours are thoſe whoſe ſurfaces fink 
down with an uniform hollowneſs or curvity below the 
upper parts A D, and whoſe ſection alſo is a Curve, as 
various as the convex above; but A D is circular, and its 
ſurface the jnternal part of an hollow Sphere, as being moſt 
in uſe, 

20. The Incident Ray is that which comes from any 
object, and falls on the reflecting ſurface as B C; and 
C E is the refiefed Ray, Fig. 6. 


21. The Angle or Incidence is that which is contained 
between the incident Ray B C, and a perpendicular to 
| the 
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W 
the reflecting ſurface in the point of reflection F C; viz. Fig. 6. 
the angle B C F. | Ts K. 


22. The Angle of Reflefiion is that contained between 
the ſaid perpendicular F C, and the reflected uy CE; vis pig. 6. | 
the gu F CE. | | 77 8. = 


23. Reſraction of rays is their being bent or turned out | 
of their firſt courſe, in paſſing out of one Medium into bf 
another, Let AD HI be a body of Water, A D its pig. 5. 
ſurface, C a point in which a ray of light B C (in the air) 
begins to enter the ſame: this ray by thegreater denſity of 1 
the water, will be reſiſted, and inſtead of paſſing ſtraight | | 
forwards in its firſt direction to K, it will be bent there- | 

from, and made to deſcribe the tract C E, which is called 
the refractad Ray. Let F G be drawn perpendicular to | 
the ſurface of the medium. in C, then it is plain the ray I 
B C in paſſing out of a rarer Medium (viz. of Air) into a =' 
denſer Medium, (viz, of Water) is refracted into a ray | | 
C E, which is nearer to the perpendicular C G, than the 1 
incident Ray; and on the contrary, the ray E C paſſing out 
of a denſer into @ rarer Medium, will be refracted into C B, 
which is farther from the perpendicular. 


24+ The Angle B C F is the angle of Incidence, as be- 
fore: and F CE is the angle of Refrg#ion, as being con- | 
tained between the refracted ray C K, 10 = perpendi- A 
cular C G. 


25. A Lens is a medium, 8 Glafs, of a proper 
form 10 collef? or diſperſe the rays of light which paſs 
through it. Of theſe there are various forms, which, from 
thence, receive divers names. As, 


D d 2 26. A 


204 


F ig. 10. 


Fig. Its 


AN INTRODUCTION TO 


26. A Plano-Convex, which hath one ſide 1 the 
other ſpherical or convex; as A. a 


27. A Plano- Concave, plain on one ſide, and concave on 


the other; as B. 


28. A 1 is one Convex on both ſides ; 
as C. 


29. A Double- Concave, 1s one . on both ſides; 
as D. f 


30. A Meniſcus, is one Convex on one * and Cuncave 
on the other; as E. 


31. A Plain Glaſs, which is flat on both ſides, and of 
equal thickneſs in all its parts; as F. 


32. A Flat Plano-convex, whoſe convex fide is ground 
into ſeveral flat ſurfaces; as G. | 


* 33-A Priſm, with three flat ſides, and when viewed end- 
ways, appears like an aquilateral triangle ; as H. 


34. Glaſſes ground into any of the ſhapes ABCDE, 
are called lenſes, and a line going horizontally through the 
middle, I K, is called the axis of the lens. 


35. The Vertex of a-Mirrour or Lens, as A B, is the 
middle point V, every way equally diſtant from its baſe, 


36. The 
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30. The Axis ofa Mirrour or Lens is the right line ED, 
drawn through the vertex V, and the center C, on which 
it was deſcribed, 


37. The Viſual or Optic Angle, is that which is contained | 
under the two right lines drawn from the extreme points | 
of an object to the eye; thus AE B or C ED is the 5 | 
Optic Angle, or that under which the object A Bor CD Fis. 2 | 
appears to the eye at E. | 

] 


38. A Pencil of rays is a double cone of rays, as LON 
F L, joined together at the baſe in the Lens LN; of 
which one cone L O N has its vertex in ſome point of an 
object, as at O; and the other cone L F N has its vertex 
in the point of convergence, or Focus F. The middle line 
OF is called the Axis of that pencil. 


Fig. 13. | 


Of the practicul part of Optics, with as much Theory as will 


be ſufficient for the  Conftruttion and Uſe of * Kinds of 
optical Inſtruments. 


WHAT I here propoſe to lay down as the practical 
part of optics, is chiefly intended for thoſe whoſe curioſity 
and ingenuity may lead them to make farther diſcoveries 
in this noble ſcience. 


The part of optics has always been kept as ſecret as poſ- 
ſible by people who made it their buſineſs, and the prices of 
optical inſtruments being partly out of the reach of any, but 
ſuch as are poſſeſſed of independent fortunes; by this means, 
ſome thouſands of ingenious enquirers have been deprived 

from 
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from viewing the glorious works of nature, which afford 
ſuch an amazing field for contemplation and amuſement, 
It has been attended with great expence, and unwearied 
diligence, for me to gain the little knowledge I have of this 
art, and which, I ſhall freely communicate to the public, 
in as plain a manner as I poſſibly can; in order to do this, 
I ſhall deſcribe the parts, as far as the conſtruction and uſe 
require, of every machine I ſhall have occaſion to treat of; 
at the ſame time I would particularly recommend to every 
one who wiſh to make ſome proficiency ' in optics, to a 
cloſe application to the mathematics, as that is the only 
means whereby any one can attain a true knowledge of its 


theory. | 


My deſire alſo is to make people ſenſible of the pleaſure 
and information the microſcope and teleſcope can afford, 
and inſtruct them how to manage as well as to make theſe 
machines; likewiſe explain the effects of glaſſes on the 
ſight, and lead them gradually into the nature, uſe, and 
magnifying powers of theſe inſtruments. 


Of Spectacles. 


WHEN objects are ſeen through a perfectly flat glafs, 
the rays of light paſs through it, from them to the eye, in 
a ſtraight direction, and parallel to each other ; and conſe- 
quently, the objects appear very little either diminiſhed, or 
enlarged, or nearer, or farther off, than to the naked eye. 
But if the glaſs they are ſeen through has any degree of 
convexity, the rays of light are directed from the circum 


ference towards the center, in an angle proportionable 5 | 
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the convexity of the glaſs, and meet in a point, at a 
greater or leſſer diftance from the glaſs, as it is more or 
leſs convex. This point, where the rays meet, is called the 
focus; and this focus is nearer or farther off, according 
to the convexity of the glaſs ; for as a little convexity 
throws it to a conſiderable diftance, ſo when the convexity 
is much, the focus is very near, Its magnifying power is 
alſo in the ſame proportion to the convexity : for as a flat 
glaſs ſcarce magnifies at all, the leſs a glaſs departs from 


flatneſs, the leſs of courſe it magnifies 3 and the more it 


approaches towards a globular figure the nearer its focus 
is, and the more its magnifying power. 


People's different length of ſight depends on the ſame 
principle, and ariſes from a more or leſs convexity of the 
cornea and chryſtalline humour of the eye ; the rounder 
theſe are, the nearer will the focus or poirit of meeting 
rays be, and the nearer an object muſt be brought to ſee 
it well, The cafe of ſhort-ſighted people is only an 
over-roundnefs of the eye, which makes a very near focus; 
and that of old people is a ſinking or flattening of the 
eye, wherby the focus is thrown to a great diſtance : ſo 
that the former may properly be called eyes of two ſhort, 
and the latter eyes of too long a focus. Hence too, the 
- remedy for the laft is a convex glaſs, to ſupply the want of 
convexity in the eye itſelf, and brings the rays to a ſhorter 
focus; whereas a concave glaſs is needful for the firſt, to 


fcatter the rays, and prevent their coming to a point too 


on. 


Nothing is more common than to obſerve old people 
holding objects they would examine at a great diſtance 
from them, for the zeafon above-mentioned ; and every 


body 
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body knows, ſhort-ſighted people cannot diſtinguiſh. any | 


thing without bringing it very near their eyes. Both 
extremes are very inconvenient; but thoſe whole eyes 


are ſtat by age, ſhould remember with ſatisfaction, that 


they have enjoyed the pleaſure of them for many years; 
and the ſhort-fighted may comfort themſelves, that they 
can diſtinguiſh much ſmaller objects than long-ſighted 


people: for the object is magnified in proportion to the 
roundneſs of the eye, and the nearneſs of the focus, and 


Plate XIII. 
Fig. 1. 


conſequently appears four times as big to an eye whoſe 
focus is but four inches off, as it does to one whoſe focal 
diſtance is at eight inches. Short-ſighted people have alſo 
this farther advantage, that age improves their eyes, by the 
ſame means it impairs other people's, that wh by making 
them more flat. 


The nearer any object can be brought to the eye, the 
larger will be the angle under which it appears, and the 
more it will be magnified. Now, that diſtance from the 
naked eye, where the generality of people are ſuppoſed ta 
ſee ſmall objects beſt, is at about ſix inches; conſequently, 
when ſuch objects are brought nearer than ſix inches, 
they will become leſs diſtinct: and if to four or three, 
they will ſcarce be ſeen all, But by the help of convex 
glaſſes we are enabledto view things clearly at much ſhorter 
diſtances than theſe : for the nature of a convex lens is to 


render an object diſtinctly viſible to the eye at the diſtance 


of its focus; wherefore, the ſmaller a Jens is, and. the 
more its convexity, the nearer is its focus, and the more 


its magnifying power. 


Now, it is evident, from the figure, 3 either the cor 


nea, a b 8 a0 r chyſtaline humour e, or both of them, be 
| the 


' 
> 


JT Lodoe Fe. 


* 


; 


USEFUL KNOWLEDGE, 


too flat; as in the eye A, their focus will not be on the 
retina, as at d, where it ought to be, in order to render 
viſion diſtin ; but, beyond the eye as at f. Conſequently 
thoſe rays which flow from the object C, and pats through 
the humours of the eye, are not converged enough to unite 
at d: and therefore the obſerver can have but a very indiſ- 
tin& view of the object. This is remedied by placing 2 
convex glaſs g h, of a proper focus, before the eye, which 
makes the rays converge ſooner, and imprints the image 
duly on the retina at d. | 


If either the cornea, or chryſtalline humour, or both of 
them, be too convex, as in the eye f, the rays that enter 
in from the object C, will be converged to a focus in the 
vitreous humour, as at f, and by diverging from thence to 
the retina, will form a very confuſed image thereon : and 
fo, of courſe, the obſerver will have as confuſed a view of 
the object, as if his eye had been too flat. This incon- 
venience is remedied by placing a concave glaſs g h before 
the eye; which glaſs, by cauſing the rays to diverge be- 
tween it and the eye, lengthens the focal diſtance ſo, that 
if the glaſs be properly choſen, the rays will unite at the 
| retina, and form a diſtin picture of the object upon it. 


When glaſſes are put im frames for ſpectacles, their 
frames ought not to be ſtraight, ſo as both eyes may be as 
the ſame plane; but they ought to be ſo bent in the mid- 
dle, that the axis of both glaſſes may be directed to one point, 
at ſuch a diſtance as you generally look with ſpectacles. By 
this means the eyes will fall perpendicular upon both 
glaſſes, and make the object appear diſtin. But if they 
fall obliquely upon the glaſſes, it will cauſe a confuſed ap- 
pearance in the objects; therefore, the ſhape of the frame 

XIV, E e ought 


Fig. 2. 


AN INTRODUCTION TO 


ought to be as repreſented when A B is the plane 3s one 
glaſs is fixed, and C D the other. 


SpeCtacles are the moſt uſeful optical machine in the 
world. There are few people that grow into years, but 
have occaſion for them to help their defective eyes, and 
without them would be uſeleſs in a great many occaſions 


of life. 
$ þ 


Of MICROSCOPES. 


THE word microſcope imports an inſtrument for 
viewing ſeveral ſmall objects. I have before obſerved, 
that nature has ſo formed the human eye, that we can- 
not diſtinctly view an object at a nearer diſtance than ſix 
inches; and ſince there is an affinity of objects, which at 
that diſtance appear either as points, or are wholly imper- 
ceptible, whatſoever inſtrument or contrivance will render 
ſuch minute objects viſible and diſtin, we properly call a 
microſcope, 48 


It is uſual to ſay, that the microſcope magnifies objects 
ſeen through it; but this is true only with regard to the 
apparent, not the real magnitude of objects; they indeed 
appear to be larger with, than without a microſcope, but, 
in truth they are not; and the reaſon why they appear to 
be magnified will be eaſy to apprehend, by any perſon who 
underſtands the nature of the optic angle. 


z 


The apparent magnitude of objects is meaſured by the 
angle which they are ſeen under by the eye; and thoſe 
angles are reciprocally as the diſtances from the eye. If, 


therefore, at the diſtance of fix inches, I can but juſt diſ- 
cern 


USEFUL KNOWLEDGE, 


eern an object, and then by an interpoſing a lens, or other 
body, I can come to view that very object at a nearer diſ- 
tance, the object will appear to be as much larger through 
the lens, than before to the naked eye, as its diſtance from 
the lens is leſs than its diſtance from the eye. 


That this is the caſe, is evident, from where A is a point pig. 3. 


in an object not clearly viſible to the naked eye, at a leſs diſ- 
tance than A B, becauſe the rays which proceed from it 
are too divergent to admit of diſtinct viſion till they have 
paſſed that diſtance ; but if the ſame object be placed in 
the focus C of the lens D, the rays which proceed from it 
will become parallel, by paſſing through the faid lens, and 
therefore the object is diſtinctly viſible to the eye E, placed 
any where before the lens D. Conſequently it will appear 
as much larger, through the lens than to the naked eye, as 
CD is leſs than A B. 


If an object A B be placed in one focus C of a lens pig. 4. 


DE, and the eye in the other focus F, the eye will ſee 
juſt ſo much of the object as is equal to the diameter of 
the lens; for the rays of A D and B E, which go from 
the obje& to the extremities of the lens D and E, and are 
united at the focus F, muſt neceſſarily proceed from the 
object to the lens parallel to the axis F C, and therefore 
parallel to each other; conſequently the part of the object 
A B, ſeen by the rays D F, E F, will be equal to the dir 
ameter D E of the ſaid lens. | | 


If only the part d e of the lens be open, then only fo 
much of the object a b, as is equal thereto, will be per- 
ceived by the eye. Now fince A B is equal to D E, or 
a b to d e, therefore the angle D F E, or d F e, is the optic 
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angle under which the part of the object A ; or ab appears 

to the eye at F; and ſince G F is but one half F C, there- 
fore the angle D F E, or d F e, is double to that under 
which the part A B or a b would appear to the naked eye 
at the diſtance F C: that is, the eye ſees the object, ſituate 
as above, twice as large with the lens as it would do with- 


out it. 


If you would ſee a portion of an object larger than the 
lens, your eye muſt be placed nearer the lens than its focus. 
Let the lens be D E, its two foci F and C; in the focus 


C let there be an object A B larger than the lens; ſuppoſe 


the rays A D, B E, proceed from the extremities of the 
object to thoſe of the lens, it is evident from the figure 
they will be convergent, and therefore will by the lens be 
united in a point K, between the lens D E, and its focus F: 
if then the eye be placed at K, it will take into its view an 
object greater than the lens D E. 


Again, let G H be a portion of an object A B, leſs than 
the lens DE; draw G D, H E, which will be diverging 
rays, and therefore will be united at a point I, farther diſtant 
from the lens than the focus F : hence, if an eye be placed 
farther from the lens than its focal diſtance, it can never ſee 
any object, or part of an object, at one view, ſo large as the 
lens, but always ſmaller. And univerſally, the viſible part 
of an object will be to the lens, as the focal diſtance of the 
lens to the diſtance of the eye. a 


Since then it is evident, the nature of a convex lens is 
ſuch as will render an object diſtinctly viſible to the eye, 
at the diſtance of its focus, the reaſon why they are uſed 

as 
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us microſcopes is exceeding plain. For4uppoſe the diſtance 

A B be ſix inches, where the naked eye B, can but uſt per- pig. 3. 
ceive the object A diſtinctly, and let the focal diſtance C D 

of the lens D be half an inch ; then fince C D is but one 

twelfth of A B, the length of the object at C will appear 

twelve times as large as at A; if it were à ſurface it would 

be one hundred and forty-four times as great; and the fo» 

lidity or bulk would be magnified one thouſand ſeven hun- 

dred and twenty-eight times. 


If C D, the focal diſtance of the lens D, be but one 
fourth part of an inch, then will that be but one twenty · 
fourth of A B, equal ſix inches, and ſo the length of 
objects will be magnified twenty-four times; the ſurface 
five hundred and ſeventy- ſix times, and the ſolidity thirteen 
thouſand eight hundred and twenty-four times, for thoſe 
numbers are the ſquare and cube of twenty four. From 
whence it appears, that ſingle glaſs lenſes make very good 
microſcopes, which have theſe advantages, that the object 
appears moſt clear, they lie in little room, may be carried 
about any where, are to be had for à ſmall price, and are 
moſt eaſy to be uſed, 


The form of a very convenient microſcope, is where 

AB is a circukr piece of wood, ivory, &c. in the middle *'*' C. 
of which is a ſmall hole, one twentieth of an inch diameter; 
upon this hole is fixed, with a wire, a ſmall lens C, whoſe 
focal diſtance is C D. At that diſtance is a pair of plyers 
D E, which may be adjuſted by means of the fliding ſcrew 
as in the figure, and opened by means of the two little 
ftuds a, e; with theſe you take up any ſmall object O, and 
view it with the eye placed in the other focus of the lens at 
F. 
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F. and according to the focal length of the lens, the object 


O will appear more or leſs magnified, as repreſented at I M. 
If the focal length be half or one-fourth of an inch, the 
length, ſurface, and bulk of the object will be magnified as 
before deſcribed. This ſmall inſtrument may be put into 
a cafe, Mid carried about in the pocket without any incum- 
ce. I have made trial of various lenſes, and find thoſe 
whoſe focal lengths are 3-tenths, 4-tenths, and 5-tenths of 
an inch, the beſt for common uſe. 
Since the nearer the eye can approach to an object, the 
larger it appears, it is plain a double and equally convex lens 
is far preferable to a plano-convex. lens ; becauſe if the 
ſphere or convexity be the ſame, the focal length of the 
former is but half as long as of the latter: and ſince the 
double convex conſiſts of two ſegments of a ſphere, the 
more an object is to be magnified, the greater muſt the 
convexity be, and therefore the ſmaller the ſphere ; till at 
laſt the utmoſt degree of magnifying will require that theſe 
fegments become hemiſpheres, and conſequently the lens 
will be reduced to a perfect ſpherule, or very ſmall ſphere. 


If the radius of the ſpherule be one tenth of an inch, the 
eye will have diſtinct viſion of an object by means thereof, 


at the diſtance of a radius and half, i. e. 3-twentieths of an 


inch, which, as it is but the 40th part of fix inches, ſhews 
that the length of an object wili be magnified forty times, 
the ſurface one thouſand fix hundred times, and the ſolidity 
ſixty- four thouſand times, by ſuch a ſmall ſphere, 


If the radius of a ſpherule be but one-twentieth of an 
inch, then will the eye have diſtinct viſion of an object at 
the diſtance of 3-fortieths of an inch, which, as it is but the 
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goth part of fix inches, ſhews the length of objects will 


appear eighty times greater, the ſurface ſix thouſand four 
hundred times, and the bulk five hundred and twelve 
thouſand times greater to the naked eye at fix inches diſ- 


tance. 


Again, if the diameter of a ſpherule be one twentieth of 
an inch, or the radius onefortieth, then will the eye approach 
the object ſo near as 3-82th part of an inch, which is but 
the 160th part of ſix inches; and therefore the length of 
objects will be magnified one hundred and ſixty times, the 
ſurface twenty-five thouſand ſix hundred times, and the ſo- 
lidity four million and ninety-fix thouſand times by this 
ſpherule; which is ſo great a power of magnifying, as ſur- 
paſſes all human imagination and comprehenſion. | | 


In uſing theſe ſpherule microſcopes, the objects are to be 
placed in one focus, and the eye in the other; and ſince the 
focus is ſo exceeding near the glaſs, it is impoſſible to view 
any but pellucid bodies: for if any opake object were to be 
applied, the eye being as it werejuſt on the ſpherule, would 
entirely prevent any light falling on it, and it would be too 
obſcure to be viewed. 


It was with this fort of microſcopes, that the famous 
Dutch philoſopher Mr. Leeuwenhozk made ſuch wonder- 
ful diſcoveries ; and it muſt be with theſe, if with any, that 
the corpuſcles or atoms, of which bodies conſiſt, are to be 
diſcovered ; which the great Sir Iſaac Newton thought was 
poſſible. But the great difficulty of making very ſmall and 
at the ſame time, very good ones; their prejudice to the 
eyes in poring very hard and near ; the trouble of placing 
objects at a due diſtance, and the very ſmall part which can 

: be 
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be ſeen of any, make this fort of microſcopes very litlg 
known or uſed, _ 3 | 


Of a fingle Microſcope for Opake Objedts, 


THIS microſcope remedies the inconvenience of having 
the dark fide of an object next the eye, which has hitherto 
been an unſurmountable obſtruction to the making obſer- 
vations on opake objects with any conſiderable degree of ex-- 
actneſs or ſatisfaction; for in all other contrivances com- 
monly known, the nearneſs of the inſtrument to the object 
(when glaſſes that magnify much are uſed) una voidably 
overſhadows it ſo much, as to render its appearance obſcure 
and undiſtinct. And, notwithſtanding, ways have been 
tried to point light upon an object, from the ſun, or a can- 
dle, by a convex glaſs placed on the ſide thereof; the rays 
from either can be thrown upon it in ſuch an acute angle 
only, that they ſerve to give a confuſed glare, but are inſuf- 
ficient to afford a clear and perfect view of the object. 


But in this new microſcope, by means of a concave ſpe- 
culum of filver, highly poliſhed, in whoſe center a magni- 
fying lens is placed, fo direct and ſtrong a light is reflected 
upon the objeR, that it may be examined with all imagin- 
able eaſe and e 


The apparatus for this purpoſe has afforded me more de- 
light and ſatĩsfaction than I am able to deſcribe; and who- 
ever tries it, will, I believe, join in my opinion, that he ne- 
ver ſaw an opake object with ſo much clearneſs, and in ſo 
perfect and true a manner. | | 


The 
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The nme, 
braſs, Wa. T7, 


Through the fir ee a Fa B, the other rig 74 
end whereof is fafiched/to'the moveable fide ©, 


P is a nut adapted to the ſaid ferew by the twroing of 
which the two ſides A C are gradually bangs together, 


| F 
nne ; 


F ea eee hal 
proceeds 2 ſinall fpring tube moving upon 2 rivet, through 
which tube there runs 2 ſteel wire, one end whereof ter. 
minates in a ſharp point G, and the other hath a pair of 
plyers H faſtened to it. This point and plyers ars to thruſt 
into or to tale up and hald any inſuct or objeRt : and either 
of them may be tuned up wurd, 4s fuits your putpoſe 


Pisa ring of btuſ with ſemale ſervw within it, moumed 
on an upright piece of the ſame meta}, which turtis round - 
on a rivet, that it may be ſet at a due diſtance when the leaſt 
magnifiers are employed. Ti Hee 
alt the magniffers. 


P a handle turned of wood, to ſcrew into the inſtrument 
when it is made uſe of. | 


K a concave ſpeculum of ſilver, poliſhed as bright as gig, 6. 


poſſible, in the center of which a double convex lens is 
XIV. Ff placed 


| 
| 
| 


j 
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Fig. 10. 


Fig. 13. 
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placed, Nith a proper aperture to look through it. On 
the back of this ſpeculum a male ſcrew L 5s made to ſit the 
_ ring], to ſcrew into on (and ring at 3 


There are FEY of met concave i Pendl, of different 
magnifying powers, to be uſed as objects ꝙ be examined 
may require. The greateſt nenen 2e e have 
the leaſt apertures. 0 Ty 22 LLC? _ 


M round object - plate, one ſide white. and the other 

black, intended to render objects the more viſible, by pla- 
cing them, if black, on the white, and if white on the 
black fide. - A ſteel fpring N, turns down. on each fide to 
mace any object faſt: and iſſuing from the object ayes is a 
N Pipe to ſcrew, it on the needle's Polk G. , 


* 


| - 


Otis; a finall: bo of . ee ade 
contrived. to confine. any living object, in order to examine 
it: this alſo has a pipe to. ſcrew on the end of the needle 
G. | 02358 


hs pair of braſs plyers, to take * any oe or ma- 
nage it it with ene. * jo i % M 1 


R 26k hair bruſh, to ** the glaſſes to eek or _ 
a drop of any liquid to the iſinglaſs of the box O, in order 
to view the animalcules, 


* mall ! ivory — tor ihe tals to be placed when 
wanted in the ſmall braſs box O. 


"When you = view 227 N 2 the ſpeculum, 
with * magnifier you would think beſt to uſe, into the 
braſs 


n 
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braſs ring I. Place your object either on the needle G, 


in the plyers H, on the object- plate M, or in the braſs 


hollow box O, as may be moſt convenient, according to 
the nature and condition of it: then holding up your in- 
ſtrument by the handle P, look againſt the light, through 
the magnifying | lens, and by means of the nut D, together 


with the motion of the needle, by managing its lower end, 


the object may, be turned about, raiſed, or depreſſed, brought 


nearer the glaſs, or put farther from it, till you hit the true 
focal diſtance, and the light be Teen reflected from the Tpe- 


culum ſtrongly upon. the object: by which means, it will 
be ſhewn ina manner ſurprizingly diſtin and clear. And 
for this. purpoſe, the light of the ſky, or of a candle, will 
anſwer to your ſatisfaction. 2 15 70 

This microſcope is principally intended for opake objects, 
but tranſparent ones may alſo be viewed by 1 it: obſerving 
only, that when. ſuch come under examination, it. will not 
always be proper to throw on them the light reflected from 
the ſpeculum : for the light tranſmitted through them 
meeting the reflected light, may, together,” produce foo 
great a glare, A little practice will teach how to regulate 
both theſe lights to good advantage. 


There i is 2 to pet great diteebertes may be made 


by the apparatus above deſcribed, as opake objects are a 
large field, but little hitherto examined, by reaſon. of BY 
great difficulty in doing it, 


3. wil 
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Of Mr. Wiljur's ger Packet Moat 


THE body j is made either of braſs, jvory, or flyer, as 
repreſented A A B B. 


C is a long fine- threaded male ſcrew, that turns into 
the body of the microſcope, f 


D 2 conyex glaſs at the end of the ſaid ferew, 


1. Two concave round pieces of thin braſs, with holes 
of different diameters in the middle of them, to cover the 
faid glaſs, and thereby diminiſh the aperture when the great- 
eſt mago ifiers are employed, 


E E three thin plates of braſs within the body of the mi- 
croſcope, one whereof is bent ſemicircularly in the middle, 
ſo as to form an arched cavity for the reeption of a tube of 
glaſs, whereas the two flat plates are tq receive and hold the 
ſliders between them. 


F a piece of wood or ivory, arched in the manner ne 


ſemicircular plate, and cemented thereto, 


G the other end of the body of the microftope, where a 
hollow female ſcrew is adapted to reeelve the different mag- 
nifiers. 


H a ſpiral ſpring of ſteel, b between the ſaid end C and the 
| plates 
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plates of braſs ; intended to keep the plates in a right po- 
ſition, and counteract againſt an S... 


Ta Bull turned handle, far the better bolding of the in- 
ſtrument, to ſcrew on or off at pleaſure, 


To this microſcope belong ſeven different magnifying 
glaſſes : ſix of them are ſet in ſilver, braſs, or ivory, as in 
K, and marked 1, 2, 3, 4, 5, 6, the loweſt numbers being p,,. 2. 


the greateſt magnifiers, 


L is the ſeventh: magnifier, ſet in the manner of a little pig, ,, 
barrel, to be held in. the hand for the viewing any larger | 
object. | 


be figure may be of further uſe, by applying a thin cap, 
with a hole in it, a quarter of an inch ſquare, exact in the 
focus of the lens; by which means, when a piece of linen 
cloth is applied upon the braſs, and viewed through the 
other end, the threads will appear greatly magnified, ſo that 
they may be counted, and thereby the quality of the cloth 
Nun calculation. 


Fig. 4+ 


| M is a fat (ip of ivory, called a Hider, with four round ,,, . 
hales through it, wherein to place objects between two 
glaſſes or pieces of Muſcovy talc, as they appear d d d d. 


Eight ſuch ivory fliders and ane af braſs, are uſually ſold 
with this micraſcope; ſame with objects placed in them, 
and others empty, for viewing any thing that may offer: 
but whaever pleaſes to een of atyets, 
ma haye as many as he deſires. | 


The 
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T be brafs ſlider ĩs to-confine a an ws. od that re 
be viewed without eruſhing or deſtroying it. 84110 


M is a forceps or pair of plyers; for t the taking vp miese 
or other objects, and adjuſting them to the glaſſes. 


O is a little hair bruſh, or pencil, where with to wipe 
any duſt from off the glaſſes, or to take up any ſmall drop 
of liquid one would examine, and PF TI tales of 
iſinglaſs. * * | 


P is a tube of glafs, contrived to confine living objects, 
ſuch as frogs, fiſhes, Nc: in order to difcover the blood, as 


it ſtreams along the veins and arteries. 20 


All theſe particulars are Sni 4 ina kttle neat box, 


vary! enen — — the e 45 


When an herr is to de viewed: chiruf the : vory Miter; 
in which the ſaid odject is placed, between the to flat 
braſs plates E-E : obſerving always to put that fide of the 
ſlider where the braſs rings are, fartheſt from your eye. 
Then ſcrew on the magnitying glaſs you intend to uſe, at 


the end of the inſtrument G; and looking through it a- 


gainſt the light, turn the long ferew C C, till your object 
be brought to fit your eye; which you will know by ĩts ap- 
hearing then perfectly diſtinct and clear. "Tis beſt to look 
at it firſt, through a magnifier that can ſhew the whole 
thereof at once, and afterwards to inſpoct the ſeveral parts 
more particularly with one of the greateſt magnifiers: for 
thus you will gain a true idea of the whole, and of all its 
l And though the greateſt magaifiers* can ſhew 
Hs N but 
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but a: minute -pettion-of:any object at once, ſuch as the 
claw. of a: flea, the horn of à louſe, or the like; yet hy 
gently moving the ſlider that contains your object, the eye 
will gradually overlock it ail ; and if any part ſhould: be out 
of diſtance, the ſcrew C * e as it 49 the-trus 
* ben | 119) 05 


oY l 1 


* 6438851 aer de 2542-08 en near che glaſſes aden 
the greateſt magnifiers are uſed, be particularly careful not 
to fcratch them as you move it in or out. A few turns of 
the ſcrew C C will e preverit this: mischte, by Sand 
Wer opt: lindo of flood; ed: Hit 


{4 Srl 


| You may . Fa objects in your ſliders, for what 
others you think proper, by. taking out the braſs ring with 
the point of a penknife ; the talc will then fall out, if you 
but turn the ſliders ; and after putting what you pleaſe be; 
tween them, by replacing the braſs rings, you will faſten 
them as they were before. Tis proper to have ſome ſliders 
furniſhed with tales, but without any objects between 
them, to be always in readineſs. for the examination of 
fluids, ſalts, ſands, powders, the farina of flowers, or any 
other caſual objects of ſuch ſort as need =". 1 to 
the outſide of the talc. | | 10 


The circulation of the blood may eaſieſt be ſeen in the 
tails and fins of fiſhes, in the fine membranes between a 
frog's toes, or beſt of all, in the tail of a water-newt. If 
your object be a ſmall fiſh, place it within the tube, and 
Ipread its tail or fin againſt the fide thereof: if a frog, chuſe 
ſuch an one as can but juſt be got into your tube, and wit 
a pen or ſtick expand the tranſparent membrane between 

the 
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When your obje& is ſo adjuſted, that no part thereof can 
intercept the light from the place you intend to view, un- 
ferew the long ferew C ©, and thruſt your tube into the 


urched cavity, quite through the body of the microſoope ; 


then ſcrew it to the true focal diſtance, and you will fee the 
blood paſſing along its veſſels with a rapid men, andi in a 


moſt ſurpriſing manner. 


Make uſe of the third or fourth Aude foe frogs or 
fiſhes ; but for the tails of water-newts, the fifth, or ſixth 
will do; becauſe the globules of their blaod are twice as 
large as thoſe of frogs or fiſh, The firſt or ſecond magni- 
Hier cannot well be employed to this purpoſe ; for the thick- 
neſs of the tube wherein the cbjeck lies, will fearce admit 


its being brought fo near as the foeal diſtenee of the g1ag- 


nifier, 


A Packet Mberofrape, with a Reflafting Spoculm, 


A is a ſcroll' of braſs, fixed upright on a round pedeſtal 
of wood B, ſo as to ſtand perfectly firm. and ſteady. - 


C isa brafs ſcrew, that paſſes through: a hole in the up- 
per limb. of the ſcrall,, into the fide of the pm 
and ſcrews it faſt to the fair ſrrall. 


E a concave lacking-glaſs or ſpeculum, fer in a he 
braſs, which bangs in the arch G, by 9 ff, 
that ſcrew into the oppalite-lides thareof. 


At 


USEFUL KNOWLEDGE. 


At the bottom of the faid arch is a pin of the ſame metal, 


exactly fitted fo a hole h, in the wooden pedeſtal, made 


for the reception of the ſaid pin. 


As the arch turns to this pin, and the ſpeculum turns on 
the ends of the arch, it may, by this two-fold motion, be 
eafily adjuſted, in ſuch a manner, as to reflect the light of 
the ſky, the fun, or a candle, directly upwards, through 
the microſcope that is fixed perpendicularly over it ; and 
by ſo doing, may be made to anſwer almoſt all the ends 
of the large double reflecting microſcope. 

The body of the microſcope mayalſo be fixed horizontally, 
and objects may be viewed in that poſition, by any light 
you chooſe ; which is an advantage the reflecting micro- 
ſcope has not. | 


It may alſo be rendered farther uſeful, by means of a ſlip 
of glaſs, one end of which being thruſt between the plates 
where the ſliders go, and the other extending to ſome diſ- 
tance, ſuch objects may be placed thereon, as cannot be 
applied to the ſliders : and then, having a limb of braſs that 
may be faſtened to the body of the microſcope, and extend 
over the projecting glaſs a hollow ring, wherein to ſcrew 
the magnifiers, all ſorts of ſubje&s may be examined with 
great conveniency, it -a hole be made in the pedeſtal, to 
place the ſpeculum exactly underneath, and thereby throw 
up the rays of light as in the next figure. 


The pocket microſcope thus fixed, is, if I may preſume 
to judge, as eaſy and pleaſant in its uſe, and as fit for the 


moſt curious examination of the animalcules and ſalts in 


No. XV. : Ee g fluids, 


Fig. 10. 
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fluids, of the farinæ in vegetables, of the circulations in 
ſmall creatures: in ſhort, it is likely to make conſiderable 
diſcoveries in objects that have ſome degree of tranſpatency, 
as any microſcopes I have ever ſeeen or heard of. 


Another ſingle Microſcope on a Foot or Stand. 


/ 


THE fingle microſcopes hitherto deſcribed, have been 


_ contrived in many different forms, which on ſome occaſions 


are very neceſſary and convenient. I have here given the 
form or ſtructure of one which I think, in ſome caſcs, 
preferable to any I have ſeen. 


This is the general form of the inſtrument in which A B 
is the baſis or foot. 


C DI is the ſtem, of which the lower part C is in the 
form of a pillar ; and the upper part D has four plain 
ſides. 


E, F, are two ſquare ſockets of braſs, moveable up and 


' down together upon the ſquare part of the ſtem, being con- 
nected by a common ſcrew ; but this motion is checked by 


the conſtant preſſure of a ſpring. 


G is a ſcrew by which the part E is fixed to the ſtem. 


H is an adjuſting ſcrew, by which the part F is gradually 
moved up and down: and thereby K L, the ſtage on which 
the objects are placed, has MN the ſlider, with its objects, 
duly adjuſted to the focus of the 9 

L is 
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L is a joint by which the ſtage is capable of an horizontal 
motidn, to ſhew any part of the object without moving 
the ſlider. 


OP is a circular piece of braſs conſiſting of two plates, 
between which are placed ſix ſmall lenſes or magnifiers in a 
circle near the extreme part, and 1s moveable on a ſcrew, 
in its center, which goes into I Q a piece of braſs fixed 
very firmly on the top of the ſtem ; upon this is Q a circular 
piece of braſs ſoldered on, with a hole in the center, under 
which the circle of glaſſes below paſſes, and, conſequently, 
any one of the lenſes being brought to the center of this hole, 
will be exactly over the center of the hole in the ſtage, and 
ſhew the objects when adjuſted to the focus of the ſaid 
lens. 


R is the ſpeculum that reflects the light Ga the 
* 


A Megalaſeap for viewing large Objedts. 


This is an optical inſtrument that may be properly call- 


ed a megalaſcope for the hand; becauſe it is adapted for 


viewing all the larger ſort of ſmall objects, ſuch as inſects, 
flowers, minerals, linen, &c. to a very great advantage; as 
with three glaſſes only it has ſeven different magnifying 
powers, | 


A B is the caſe of braſs, filver, &c. 


D, E, F, three ſeveral lenſes with different magnifying 
powers, which are all contained in the ſaid caſe, and turned 
out at pleaſure, 


G g 2 H the 


* 


Fig. 11. 


* 
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* 

The three glaſſes ſingly, afford three magnifying powers; 
and by combining two and two, we make three more; for 
D with E makes one, D with F another, and E with F a 
third; which with the three ſingly make ſix; and laſtly, all 
three combined together Make another, ſo that upon the 
whole, there are ſeven powers of magnifying with three 
glaſſes only. 


* 
1 double or compound Micreſcopes. 


Tig. 14 The double or compound Microſcope, conſiſts of an ob- 
ject glaſs c d, and an eye glaſs ef. The ſmall object a b 
is placed at a little greater diſtance from the glaſs cd than its 
principal focus, ſo that the pencils of rays flowing from the 
different points of the object, and paſſing through the glaſs, 
may be made to converge and unite in as many points be- 
tween g and h, where the image of the object will be 

formed: which image is viewed by the eye through the 
eye glaſs e f. For the eye glaſs being fo placed, that the 
image g h may be in its focus, and the eye much about the 
ſame diſtance on the other fide, the rays of each pencil 
will be parallel, after going out of the eye glaſs, as at e andf, 
till they come to the eye at k, where they will begin to 
converge by the refractive powers of the humours; and after 
having croſſed each other in the pupil, and paſſed through 
the chryſtalline and vitreous humours, they will be collected 
into points on the retina, and form the large inverted 
image A B thereon, 


The 


1 
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The magnifying power of this microſcope is as follows: 
ſuppoſe the image g h to be fix times the diſtance of the ob- 
ject a b from the object glaſs e d; then will the image be fix 
times the length of the object: but ſince the ĩmage could not 
be ſeen diſtinctly by the bare eye at a leſs diſtance than ſix 
inches, if it be viewed by an eye glaſs e f, of one inch focus, 
it will thereby be brought ſix times nearer the eye; and 


conſequently viewed under an angle fix times as large as be- 


fore; ſo that it will be again magnified fix times; that is, fix 
times by the object glaſs, and fix times by the eye glaſs, 
which, multiplied into one another, makes thirty-ſix times; 
and ſo much is the object magnified in diameter more than 
what it appears to the bare eye; and conſequently thirty. 
ſix times thirty-ſix, or one thouſand two hundred and 
ninety ſix times in ſurface. 


But becauſe the extent or field of view is very ſmall in 


this microſcope, there are generally two eye glaſſes-placed 
ſometimes cloſe together, and ſometimes an inch aſunder ; 
by which means, although the object appears leſs magnified, 
yet the viſible area is much enlarged by the interpoſition 
of a ſecond eye glaſs ; and conſequently a much pleaſanter 
view is obtained, | 


The Deſcription and Uſe of a compound Microſcope. 


Is the form of a compound microſcope for the pocket. 


A Q is the body or internal part which is moveable up 
and down in CD an external caſe of wood, braſs or ſilver. 


E one 


Fig. 14- 
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E one of the three pillars which ſupport the inſtrument, 


F a plate fixed (horizontally) to the legs, uſually called 
the ſtage. 2 


G a hole in the central part, in which glaſs, and other 
parts of the apparatus are placed, with objects to be 
viewed. | 


H an illuminating or reflecting ſpeculum. 
| ] the foot of the inſtrument, 
K is a pipe to which is ſcrewed, 
Q a 9 or caſe to hold the magnifier. 


In this compound microſcope there are generally three 
{ fometimes four) glaſſes employed to produce the effect, viz. 
1. The magnifying lens at Q which makes a large image in 
tlie upper part of the ſmall object below. 2. A large lens 
at B, called the body glaſs, which is the cauſe of a larger 
field of view. 3. An eye glaſs at A, by which we view 
the enlarged image of the object, in its focus, 


The Method of computing the magnifying Power of fingle 
and double Microſcopes. 


THE magnifying power in all optical inſtruments de- 
pends upon this one principle, that every object is appa- 
rently greater or leſs in proportion, as it is nearer to, or 
| farther 
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farther from the eye ; becauſe the nearer it is, the larger 1s 
the viſual angle under which it appears, & vice verſa. 


But the eye is ſo formed as to admit of diſtin& viſion 
by ſuch rays only as are nearly parallel; and therefore every 
object muſt be removed to ſuch a diſtance from the eys 
that the rays of light iſſuing from every point thereof, may 
fall upon the eye with ſmall divergency, or nearly parallel, 
which diſtance is in different eyes from fix to eight inches, 
as any one may find by trial. 


Now, ſince a convex Mak convenes parallel rays to a point 
or focus; therefore, on the contrary, if an object be placed 
in the focus of ſuch a lens, the rays proceeding from each 
point will be refracted parallel to the eye, and thereby pro- 
duce diſtinct viſion of that object in its focus. 9Y 


Hence then it follows, that if a b be à very ſmall object 
in the focus of the glaſs c, whoſe focal diſtance is one inch, 
the eye applied to the lens C will have the diſtinct viſion 
thereof; and this being at a diſtance ſix, ſeven, or eight 
times nearer than the eye alone could clearly ſee it, it muſt 
appear ſo many times larger than to the naked eye; and 


therefore we properly ſay, it is magnified to ſuch eyes, ſix, 


ſeven, or eight times in length and breadth. 


But all ſurfaces are magnified in proportion to the 


ſquares of their lengths or ſides ; therefore the ſurfaces of 


objects are magnified thirty-ſix, forty-nine, or ſixty- four 
times by a lens of one inch focal diſtance. 


Alſo the bulk or magnitude of the whole body, will be 
| magnitied 
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magnified in proportion to the cubes of the ſides or lengtlt, 
and therefore all ſolid bodies will, by ſuch a lens, de mag- 
nified two hundred and fixteen, three hundred and forty- 
three, or five hundred and twelve times, to ſuch eyes re- 
ſpectively. | 


If the lens C were but of half an inch focal diſtance, the 
lengths of the objects would be magnified twice as much; 
the ſurfaces four times, and the magnitude or bulk, eight 


times as much as before. | 


If the focal diſtance of the lens C be a quarter of an inch, 
then the lengths are magnified four times as much, viz. 
twenty-four, wwenty-eight, or thirty-two times; the ſur- 
faces ſixteen times as much, or 576 times more than to 
the naked eye at fix inches diſtance; and ſolid bodies are 
magnified ſixty- four times more than by the lens of a whole 
inch focal diſtance. 


\ 


Once more; ſuppoſe the lens ſo ſmall that its focal diſ- 
tance is but 1-tenth of an inch, then the length of an ob- 
je& is magnified ſixty, ſeventy, or eighty times; the ſur- 
face 3,600, 3,900, or 6, 400 times, and the ſolidity or whole 
bulk 216,000, 343,000, or 512,000 times, or ſo much larger 
do the bodies of mites, or their eggs, appear than to the 
naked eye at ſix, ſeven, or eight inches diſtance. 


After the ſame manner you may compute the magnifying 
power of lenſes of 1-twentieth, 1 -thirtieth, 1-fortieth, and 
even 1-fiftieth part of an inch focal diſtance, which may 
be made if required; but they are with difficulty uſed. By 
2 lens 1-fiftieth of an inch, the length is magnified 300 

times; 
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times; and the Turface 98,099 times; and the . 
27,000,000 times. bs wat! 15 


© But theſe han powers of magnifying are much 
better effected in compound microſcopes, and be that in what 
degree you pleaſe, it is thus cafily eſtimated, Let C be the 
object lens in the cell Q, Fig 13, of the compound mi- 
croſcope, if then a ſmall object, a b, be placed on the ſtage 
at G, a little more than the focal diſtance, there will be 
formed by the ſaid lens C, a large image 8 T, in the upper 
part of the microſcope, and this image is viewed an 
A 13 


Now it is eaſy to underſtand that the image 8 T is as 
much larger than the object a b, as the diſtance C Az exceeds 
the diſtance C a from the lens. Suppoſe the image ST fix 
times larger than the object a b; then if it be viewed by a 
jens G H of one inch focal diſtance, the image 8 T will aps 


pear magnified fix times at leaſt, and therefore the object 
a b will be magnified fix times fix, or 36 times in length; | 


and 36 times 36, or 1, 296 times in ſurface; and 36 times 
1,296, or 46,656 times in the bulk of ſolidity. And yet with 
theſe great powers of magnifying, the lens C may not be of 
leſs than half an inch focal diſtance, in the leaſt ſort NE 


eee dene +" N 


But with a ange ahh G H,- we have too ſmal a 
field of view, therefore we uſe two, viz. A B and DE; the 
Firſt contracts the image 8 T into another I M, which 
is leſs, and this is viewed by the eye-glaſs DE. Now both 
theſe glaſſes may have a magnifying power equal to that of 
a given ſingle glaſs G H by this rule; let their diſtance be 
<qual to the difference of their focal lengths, and their 

No. XV. | H h magnifying 
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magnifying power will be equal to rr e 
Giſtance is half that of the greater A B. ' "09 


For example; ſuppoſe the focal W At 46 hoe 
inches 1-half, and that of D E ohe inch; then if their diſs 


ance be one inch x-half, their joint magnifying power will 


be equal to chat of à ſingle lens G H, whoſe focal diſtance 
is one F-4th equal half that of A B. By the two eye» 
glaſſes the rays are converged to the eye at the compound 
focus F, much Jeſs affected by the errors ariſing from the 
aberration” of rays, both from their nen 
ty, and the figure of the e | 


The ea, or camera 22 aeg. 
Tias vthetaſcope depends G the fün-ihine and mutt. 


be made uſe of in a darkened chamber, as its name im: 


plies. 


It is compoſed of à tube; x lovking-plaſs, 2 colven lens, 


and Willoti's ſingle Pocket obey before deſcribed. - 


The “8 Hays being directed bythe looking Yah ha 
the tube upon the object, the image or picture of the object 
is thrown, diſtinctly and beautifully, upon a ſcreen of white 
paper, or 4 white linen ſheet, placed at ſonie diſtance to re- 


ceive the ſame; and may be magnified to a'fize beyond 


the imagination of thoſe who have not ſeen it: for the far- 
ther off the ſcreen is removed, the larger will the object ap- 


pear; inſomuch, that a louſe may be magnilied to the 
length of five or fix feet, or even a great deal more: but 
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i i indeed more diſtin, when not enlarged 40 above half 
that fize, 


The apparatus for this purpoſe, as repreſented in the Plate XV, 


= annexed, is as follows : e 


A, a ſquare wooden frame, through which two long pig. 1. 


ſcrews paſs, and, aſſiſted by a couple of nuts 1. 1. faſten it- 
firmly to a window-ſhutter, wherein a hole is made for its 
reception ; : the two nuts being let into the ſhutter, and made 
faſt thereto, 


A circular hole is made in the middle of this frame, to 
receive a piece of wood of a circular figure B, whoſe edge, 
that projects a little beyond the frame, compoſes a fhallpw. 
groove 2, wherein runs a cat-gut 3; which by twiſting 
round, and then croſſing over a braſs pulley 4, (the handle 
whereof 5, paſſes through the frame) affords an eaſy mo- 
tion for turning round the circular piece of wood B, with 
all the parts thereto affixed. br. 


C is 2 braſs tube covered with ſcal-ſkin, which ſcrewing 
into the middle of the circular piece of wood, becomes a 
caſe for the uncovered braſs tube D, to be drawn backwards 


or forwards in. 


E, a ſmaller tube of about one inch in lengthy ſcrened to 
the end of the larger tube D. HE 


| F is another ſhort braſs tube, made to ſlide over the 
above deſcribed tube E. To the end hereof the microſcope 
. muſt be ſcrewed when we come to uſe it, 


Hh2 s, A 
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5, A convex lens, whoſe focus is about twelve inches 
deſigned to collect the ſun's rays, and throw them more: 
ſtrongly upon the object. 


G, a looking-glaſs of an oblong figure, ſet in a wooden 
frame, faſtened by hinges to the circular piece of wood B, 
4 and turning about therewith, by means 50 the above- men- 
2 tioned cat-gut. } 


4 - H, a jointed wire, partly braſs and partly iron: the braſs 
= part whereof, which is flat 6, being faſtened to the looking- 
glaſs, and the iron part, which is round 7, paſſing through 

the wooden frame, enable the obſerver (by putting it back- 

wards or forwards) to elevate or decline the glaſs — 

to the ſun's altitude. 

, 4 

I, Abraſs ring at the end of the jointed wire, ems cr 
— it with Ro eaſe. | 


N. B. The extremities of the cat-gut are faſtened to a 
braſs pin, by turning of which it may be braced up, if atany 
time it becomes too ſlack, This pin lying behind could 

not be ſhown in the picture. | | 


When this microſcope is employed, the room muſt be 
rendered as dark as poſſible : for on the darkneſs of ths 
room, and the brightneſs of the ſun-ſhine, depend the 
ſharpneſs and perfection of your image. Then putting the 
dooking-glaſs G through the hole in your window-ſhutter, 
faſten the ſquare frame A to the tad ur by its to 
ſerews and * i, 


: 


This 
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This done, adjuſt your looking- glaſs to the elevation and 
(ſituation of the ſun, by means of the jointed wire H, toge- 
ther with the cat-gut and pulley 3. 4. For the firſt of theſe 
raiſing or lowering the glaſs, and the other reclining it to 
Either ſide, there reſults a two- fold motion, which may eaſily 
be ſo managed as to bring the glaſs to a right poſition, 
that is, to make it reflect the ſun's rays directly through 
the lens 5, upon the paper ſcreen, and m_ thereon a or 
of nw ſy round. 


| | Though cabin a nerfef elrediar hee of light upon 
the ſcreen before you apply the microſcope, is a a certain 
proof that your looking-glaſs is adjuſted right, yet that 
roof muſt not always be expected: for the ſun is fo low in 
Winter, that if it ſhines in a direct line againſt the window, 
it cannot then afford a ſpot of light exactly round. But if 4 
it be on either ſide of you, a round ſpot may be cb ä 
even in December. 


. 
er ͤ;*H 8p —— ned 
P— me 


e es ſcrew the tube C into the braſs | 
collar provided for it in the middle of your wood-work, 4 
taking care not to alter your looking-glaſs ; then ſcrewing 1 
the magnifier you chuſe to employ to the end of your mi- | | 
croſcope, in the uſual manner, take away the lens at the 1 
other end thereof, and place a ſlider, containing the object b 
to be examined, between the thin braſs plates, as in the 1 
other ways of uſing the microſcope. 1 


Things being thus prepared, ſcrew the body of your mi- | 

croſcope to the ſhort braſs tube F, which {lip over the ſmall 

end E of the tube D, and pull out the ſaid tube D leſs or | 

more as your object is capable of enduring the ſun's heat. | 
Dead objects may be brought within about an inch of the 
focus 
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focus of the convex lens 5 ; but the diſtance muſt be ſhart- 
ened far living creatures, ar they Will ſoon be killed, 


If the light falls not exactly right, you may eaſily, by a 
gentle motion of the jointed wire and pulley, direct it through 
the axis of the microſcopic lens. | 


The ſhort tube F, which your microſcope is ſcrewed to, 
enables you, by fliding it backwards ar forwards on the 
other tube E, to bring your object to their true focal diſ- 
tance ; which will be known by the ſharpneſs and clear- 
neſs of their appearance; they may alſo be turned round 
by the ſame means, without being in the leaſt diſordered, 


The magnifiers moſt uſeful in the ſolar microſcope are, 
in general, the fourth, fifth, or ſixth. 


Mention having been often made of a ſcreen to thraw the 
images of objects on, it is proper to inform the reader, that 
ſuch a ſcreen is uſually compoſed of a ſheet of the largeſt 
elephant paper, ſtrained on a frame, which ſlides up or 
down, or turns about at pleaſure an a round wooden pillar, 
in the manner of ſome fire-ſcreens. Larger ſcreens are 
likewiſe made ſometimes, with ſeveral ſheets of the ſame 
paper paſted together on cloth, and let down from the 
ceiling with a roller, like a large map. 


This microſcope is the moſt entertaining of any; and, 
perhaps, the moſt capable of making diſcoveries in objects 
that are not too opake; as it ſhews them much larger than 
can be done any other way. There are alſo ſeveral con- 
veniencies attending it, which no other microſcope can 
| have; 
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have: for the weakeſt eyes may uſe it without the leaſt 
ſtraining or fatigue: numbers of people may view any ob- 
ject, together, at the ſame time, and, by pointing to the 
3 parts thereof, and diſcourſing on what lies before 
them, may be able better to underſtand one another, and 
more likely to find out the truth, than when, in other mi- 
croſcopes, they muſt peep one after another, and perhaps 
ſee the object neither in the ſame light, nor the ſame 
poſition, Such too as have no ſkill in drawing, may, 
by this contrivance, eaſily ſketch out the exact figure 
of any object they have a mind to preſerve a figure of; 
ſince they need only faſten a paper upon the ſcreen, and. 
trace it out thereon either with a pen or pencil, as it ap- 
pears before them, 


It is wolth their while, who are deſirous to take many 
draughts in this way, to get a frame, wherein a ſheet of 
paper may be put in or taken out at pleaſure; for if the 
paper be ſingle, the image of an object will be ſeen as 

plainly almoſt on the back as ori tie other fide, and by 
' ſtanding behind the ſcreen, the ſhade of the hand will not 
obſtruct the light in drawing, as it . in ſome degree 
when one ſtands before it. 


I muſt obſerve that Dr. Liberkhun's ſolar microſcope 
had nb looking-glaſs belonging to it, and therefore was of 
uſe a few hours only in a dav, when the tube could be 
placed directly againſt the body of the ſun, and even then 
not without a good deal of trouble; but by this lucky con- 
trivance of a looking gials, the ſun's rays may be reflected 
through. the _ whatever i its . or ſituation be, pro- 

vided 
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vided it ſhines at all upon the window, and that too with 
much eaſe and nn | 51 


07 the Nature and Uſe of the Micrometey i in viewing 2 
Objects. 


© MANY andexpen ſexve heen the contrivances for 
meaſuring ſmall objects, in all their dimenſions, by that 
inſtrument called a micrometer : I ſhalf refer the reader to 
3 the ſeveral writers on optics for an accbunt of them, and 
_ ſhall here only propoſe one other method, which will come 
I. eaſy, and be very ready in practice; the conſtruction of 
: which is a ſufficient explanation of its reaſon and uſe. 


Ihe new micrometer is nothing more than a ſtage (on 
which the objects are placed) moveable by a fine ſcrew 
which has a hand or ſmall index paſſing over the diviſions . 
of a graduated circle. A fine threaded ſcrew is the effential 
part in all micrometers, of the beſt or moſt perfect kind. 
This ſcrew was formerly placed in the focus of the eye-glaſs 
DE, juſt where the image I M is formed; but I found 
this method of applying it gave ſome trouble in underſtand- 
ing and computing the dimenſions taken by it; and there- 
fore I have here applied to the ſtage, or rather to the object 
itſelf; which being attended with no difficulty, will, I pre- 
Fume, render the uſe of it more general and pleaſant, . 


The upper part of the microſcope which contains the 
glaſs D E has a very fine wire in its focus, and to it any 
part of the image 1 M may be applied; or that wire may 
be applied to any part of the image, by a proper conſtruction 
N = 


bskrbl OW. EDER. 
bf the upper part of the microſcope for that purpoſe, The 
bbje belng then placed in a proper manner on the Rage; 
the ſcrew is to be turned till the image of the object has 


paſſed its whole length or breadth under the wire, and then 
the quantity of its dimenſion will be known; Thus, fot 


example: 
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The number of threads on the ſcrew in one inch is fifty; 
and the riuimbet of divifiotis on the circular plate is twenty; 
Therefore onè thread; or one turn of the ſcrew, meaſures 
one fiftieth part of an inch; and one di viſion bf tlie plate 
is olle twentieth of olle fiftieth, that is one thouſandth part 
bf an inch. So that ſuch a micrometer will very exactly 
meaſure any ſmall objeQ; or its ſmaller parts to che thou- 
fandth part of an inch. 


Suppoſe the ſubject were a mite, and it were requited 
to meiſure the length thereof; then ] place it in a flider; 
and that ſlider on a ſtage in uch! a manner; that the mite 
may move lengtl- wiſe in the direction of a ſerew; then 1 
move or ſet the wire at right angles thereto; and ſo as to 
touch the image of the mite at one end; very exactly. 
This done, I turn the wire till the image has paſſed its 
whole length under the wire; and having bounted the 
turns, I find thein four, and Wurden diviſions of another; 
the four turns are 4-fiftieths or 80-thouſaridths, and the 
fourteen diviſions are 14 thouſandths; ſo that the whole 
length of the mite is ga- thouſandtlis part of an inch, which 


is almoſt i - tenth part of an inch, 


Again, for à ſecond example: ſuppoſe you meaſure tlie 
length of the egg of a mite, and find one turn of the 
ſcrew; tind three diviſions oh the plate, carry it completely 
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under the wire; then one revolution of the ſcrew is 1-flf. 


tieth or 20-thouſandth, and three diviſions are 3-thou- 
ſandth, ſo the whole length of the egg is equal to 23- 


thouſandth of / an inch; that is, almoſt one fort y- fourth 
part of an inch; or foriy · four ſuch eggs of a mite will, if 


laid contiguouſly in a right line, be nearly equal to one 
inch in length. 


I may here add, that the micrometer may be eaſily ap- 


plied to the ſolar microſcope ; for let a fine ſtraight line be · 


drawn on the ſcreen, and the end or fide of the image be 
placed to touch it, then by turning the ſcrew, it will 
thereby be meaſured in thouſandth parts of an inch, 


How great the pleaſure arifing to the curious naturaliſts 
muſt be in the uſe of the micrometer, meaſuring the 


ſmalleſt objects, may be better conceived than expreſſed, . 


when by this means he acquires an idea of the wonderful 
diſproportion there is between the magnitudes-or dimenſi- 
ons of the ſmalleſt and largeſt objects of the ſame ſpecies ; 
as between the ſmalleſt of the ſinny fry and the largeſt 
whale; an animalcule in vinegar and a rattleſnake thirty 


or forty feet long. And that the reader may have a clear 


perception of ſuch a ſurpriſing contraſt in the works of na- 
ture, I ſhall here give him a calculation of the comparative 
magnitude of the egg of a mite, and that of an oftrich, 


Suppoſe the length of an oſtrich's egg to be five inches 
(ſome are larger) ; let the length of the egg of a mite be 
one fiftieth of an inch, and ſome are lefs than that; theri 
the lengths of theſe two eggs will be to each other as five to 
one fiftieth, or two hundred and fifty to one; then as they 
are ſimilar bodies, their magnitudes will be as the cubes of 
bh theſe 


7 
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theſe numbers, viz. as 15625000 to one: that is in words, 


one egg of an oftrich is equal to fifteen million ſix hun- 
dred and twenty-five thouſand eggs of a mite. And there is 
great reaſon to believe, that there are eggs of other animal- 
cules in a ſtill greater degree leſs than thoſe of a mite. In- 
deed, the greateſt ſtretch of the human mind is infinitely 
inſufficient to explore the amazing and inconceiveable gra- 
dations of miniature in every part of nature, even at their 


very commencement; and nothing but the all- piercing eye 


of boundleſs intelligence can ſee through a ſeries of ſuch 
infinitely decreaſing progreſſions. 


A Diagram of the Solar Micr ofcope. 


LET A; be a ſection of the window ſhutter of a dark 
room, CD of the frame containing a ſcioptric ball EF; 
in the forepart whereof is ſcrewed the tube GI KH, at 
one end of which 1s a lens G H, which, by converging 
the ſun-beams into a narrow compaſs, does ſtrongly en- 
lighten the ſmall object a b, placed on a flip of glaſs, or 
otherwiſe, in the part of the tube NQ, where a ſlit is 
made on each fide for that purpoſe, Within this tube there 
ſlides another, L m r M, which contains a ſmall mag- 
nifying lens mr. 


By moving the exterior tube I G H K one way, and 


the other, the glaſs G H will be brought to receive the rays 


of the ſun directly, and will therefore moſt intenſely illu. 
minate the object a b. The other tube LM, being ſlid back- 
wards and forwards, will adjuſt the diſtance of the ſmall 
lens mr, ſa that the image of the object a b ſhall be made 
very diſtin, on the oppoſite fide of the room at OP; and 

112 tho 


Plate XIV. 
Fig. 2. 
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from i it; as is evident from the figure. 


Of LOL FSCHOLS, 


BEFORE we enter upon the deſcription of eleſopprt 
it will be proper to ſhew how the rays of light are affected 
by paſſing through concaye rn A and alſp by falling 
upon concaye mirroufs. 


When parallel rays, as a bedef gh, paſs directly 
through a glaſs A B, which is equally concave on both fides, 
they will diverge after paſſing through the glaſs, as if 
they had come from a radiant point C, in the center of the 
glaſs's concavity ; which point is called the negative or viry 
tual focus of the glaſs, Thus the ray a, after paffing through 
the glaſs A B, will go on in the direction k |, as if it had 
proceded from the point C, and no glaſs being in the way, 
The ray b will go on in the direction m n ; the ray e in the 
direction o p, &c, The ray C, that falls directly upon the 
middle of the glaſs, ſuffers no refraction in paſſing through 
it; but goes on in the ſame reRtilineal direction, as if nq 


gl had been jn its way. 


If the glaſs | had been concaye only on one 164. and the 
other fide quite plane, the rays would have diverged, afe 
ter paſſing through 1 it, as if they had come from a radiant 
point at double the diſtance of C from the glaſs ; that i is, 
as if the radiant had been at the diſtance of a whole dia- 


meter of the glaſs' 8 concavityy 
| If 
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If rays come more conyerging to ſuch a glaſs than pa- 
rallel rays diverge after paſſing through it, they will con- 
tinue to converge after paſſing through it ; but will not 
meet ſo ſoon as if no glaſs had been in the LAN ; and will 
incline towards the ſame fide to which they would have 
diverged, if they had come parallel to the glaſs. Thus the 
rays f and h going in a converging ſtate towards the edge 
of the glaſs at B, and converging more in their way to it 
than the parallel rays diverge after paſſing through it, they 
will go on converging after they pats through it, though 
in a leis degree than they did before, and will meet at 1: 
but if no glaſs had been in their way, they would have met 


at l, 


When the parallel rays, as d fa, C m be lc, fall upon a 
concave mirrour A B (which is not tranſparent, but has 
only the ſurface A b B of a clear poliſh) they will be re- 
fleted back from that mirrour, and meet in a point m, at 


half the diſtance of the ſurface of the mirrour from C, the- 


center of its concayity ; for they will be reflected at as 
great an angle from the perpendicular to the ſurface of the 
mirrour as they fell upon it, with regard to that perpen- 
dicular; but on the other fide thereof. Thus, let C be the 
center of concavity of the mirrour A b B, and let the pa- 
rallel ray d fa, C m b, and e | e, tall upon it at the points 
a b and c. Draw the lines C i a, C m b, and C h c 
from the center C to theſe points; and all theſe lines 


Fig: 4 


will be perpendicular to the ſurface of the mirrour, be- 


cauſ2 they proceed thereto like ſo many radii or ſpokes 


from its center. Make the angle C A h equal to the angle 


d a C, and draw che line a mn, which will be the direc- 
tion of the ray d f a, after it is reflected from the point of 
the mirrour ; ſo that the angle of incidence d a C, is equal 


% ro : 


— — 9 
— p of 
113 —_— =” 


— — i 


So 1 — 
5 3 = — 8 =_ 
on \ r . Lo Mz = coT  ___. ST 


246 AN IN TRODUCTrION ro 


to the angle of reflection C a h; the rays making equal 
_— with the perpendicular C1 a on its oppoſite ſides, 


Draw alſo the perpendicular C h c to the point c, where 
the ray e lc touches the mirrour; and, having made the 
angle C c i, equal to the angle C c e, draw the line c mi, 
which'will be the courſe of the rayelc, after it is reflected 
from the mirrour. 


| 1 

The ray C m b paſſes through the center of concavity 
of the mirrour, and falls upon it at b, the perpendicular to 
it; and is therefore reflected back from it in the ſame line 


bm C. 


All theſe reflected rays meet in the point m; and in that 
point the image of the body which emits the parallel rays 
d a, C*d, and e c will be formed: which point is diſtant 
from the mirrour equal to half the radius bm C of its con- 
cavity. 


The rays which proceed from any celeſtial object, may 
be eſteemed parallel at the earth; and therefore, the images 
of that object will be formed at m, when the reflecting ſur- 
face of the concave mirrour is turned directly towards the 
object. Hence the focus of the parallel rays is not in the 
center of the mirrour's concayity, but half way between 
the mirrour and that center, 


The rays which proceed from any remote terreſtrial 
object, are nearly parallel at the mirrour: not ſtrictly ſo 
but come diverging to it in ſeparate pencils, or, as it were, 
bundles of rays, from each point of the ſide of the object 
next the mirrour; therefore they will not be converged to 
a point 
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a point at the diſtance of half the radius of the mirrour's 
concavity from its reflecting ſurface; but in ſeparate points 
at a little greater diſtance from the mirrour, And the 
nearer the object is to the mirrour, the farther theſe points 


will be from it; and an inverted image of the object will, 


be formed in them, which will ſeem to hang pendant in the 
air: and will be ſeen by an eye placed beyond it (with 
regard to the mirrour) in all reſpects like the object, and 
as diſtinct as the object itſelf. | 


Let A c B be the refleQing ſurface of a mirrour, whoſe 
center of concavity is at C; and let the upright object D 
E be placed beyond the center C, and ſend out a conical 
pencil of diverging rays from its upper extremity D, to 
every point of the concave ſurface of the mirrour A c B, 
But to avoid confuſion, we only draw three rays of that 
pencil; as DA, De, DB. 


From the ceater of concavity C, draw the three right 
lines C A, Cc, C B, touching the mirrour in the ſame 
points where the aforeſaid touch it, and all theſe lines will 
be perpendicular to the ſurface of the mirrour, Make the 
angle C A d equal to the angle D A C, and draw the 
right line A d for the courſe of the reflected ray P A: make 
the angle Cc d equal to the angle De C, and draw the right 
line e d for the courſe of the reflected ray Dd : make alſo 
the angle C B d equal to the angle D B C, and draw the 


right light line B d for the courſe of the reflected ray DB. 


All theſe reflected rays will meet in point d, where they 
will form the extremity d of the inverted image e d, ſi- 
milar to the extremity D of the upright object D E. 


I 


Fig. $ 
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If the pencils of rays Ef, Eg, E hz be alſo contitived to 


N | | the mirrour, and theit angles of reflection from it be inade 

1 equal to their angles of incidence upon it; as in the formet 

, i pencil from D, they will all tneet at the point e by reflec- 

| | 1 tion, and form the extremity e of tlie image e d, ſimilat to 
| the extremity E of the object DE: 


As each intermediate point of the object between D 
and E, ſends out a pencil of rays in like manner to every 
part of the mirrour, the rays of eacl pencil will be reflects 
ed back from it, and meet in- all the intermediate points 
between the extreinities e and d of the image; and ſo the 
whole image will be formed not at i, half the diſtance of 
the mirrour from its center of concavity C, but at a greas 
ter diſtance between i and the object DE; and the image 
will be inverted with reſpect to the object. 


This being well underſtood, the reader will eafily ſee 
how the image is forined by the large concave mirrour of 
the reflecting teleſcope, when he comes to the deſcription 
of that inſtrument; 


When the object is more remote from the mirrour than 
its center of concavity C, the image will be leſs than the 
object, and between tlie obje& and the mirrour ; when 
the object is nearet than the center of concavity, the image 
will be more remote and bigger than the object: thus; 
if D E be the object, e d will be its image; for as 
the object recedes ftom the mirtour, the image approaches 
hearer to it; and as the object approaches nearer to the 
mirrour, the image tecedes fatther from it 5 on account of 
the leſſer or greater divergency of the pencils of rays which 
proceed from the object; for the leſs they diverge; the 

ſooner 
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ſooner they are converged to points by reflection; and the 
more they diverge, the farther they muſt be refle&ed bes 
fore they meet. 

If the radius of the nere concavity and the diſtance 
of the object from it be known, the diſtance of the image 
from the mirrour is found by this rule: Divide the product 
of the diſtance and radius by double the diftance made leſs 
by the radius, and the quotient is the diſtance required. 


If the object be in the center of the mirrour's concavi- 
ty, the image and object will be en and * in 
bulk. 


If a man places himſelf directly before a large concave 
mirrour, but farther from it than its center of eoncavity, 
he will ſee an inverted image of himſelf in the air, between 
him and the mi rrour, of a leſs fize than himſelf, And if he 
holds out his hand towards the mirrour, the hand of the 
image will come out towards his hand, and coincide with 
it, of an equal bulk, when his hand is in the center of con» 
cavity; and he will imagine he may ſhake hands with his 
image. If he reaches his hand farther, the hand of the 
image will paſs by his hand, and come between his hand 
and his body : and if he moves his hand towards either 
fide, the hand of the image will move towards the other : 

ſo that whatever way the obje& moves, the 1 image will 
move the contrary 3 ä 


All the while a bye-ſtander will ſee nothing of the 
image, becauſe none of the reflected rays that form 1 it en- 
ter his eyes. 
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If a fire be made in a large room, and a ſmooth maho- 
gany table be placed at a good diſtance near the wall, be- 
fore a large concave mirrour, ſo placed that the light of 
the fire may be reflected from the mirrour to its focus upon 
the table; if a perſon ſtands by the table, he will ſee no- 
thing upon it but a longiſh beam of light: but if he ſtands 
at a diſtance towards the fire, not directly between the fire 
and mirrour, he will ſee an image of the fire upon the 
table, large and erect. And if another perſon, who knows 
nothing of this matter before hand, ſhould chance to come 
into the room, and ſhould look from the fire towards the 
table, he would be ſtartled at the appearance; for the ta- 
ble would ſeem to be on fire, and by being near the wain- 
. ſcot, to endanger the whole houſe. ' In this experiment 
there ſhould he no light in the room but what proceeds 
from the fire; and the mirrour ought to be at leaſt fifteen 
inches in diameter. 


If the firſt be darkened by a ſcreen, and a large candle 
be placed at the back of the ſcreen ; a perſon ſtanding by 
the candle will ſee the appearance of a fine large ſtar, or 
rather planet, upon the table, as bright as Venus or Ju- 
piter, And if a ſmall wax taper (whoſe flame is much 

leſs than the flame of a candle) be placed near the candle, 

a ſatellite to the planet will appear on the table: and if 
the taper be moved round the candle, the ſatellite will go 
round the planet, | 


The Refrafling Teleſcope. 


IN a refracting teleſcope, the glaſs which is neareſt the 
object in viewing it, is called the object glaſs; and that 
which 
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which is neareſt the eye is called the eye-glaſs. The ob- 
ject-glaſs muſt be convex, but the eye-glaſs may be either 
convex or concave : and generally, in looking through a 
teleſcope, the eye is in the focus of the eye-glaſs, though 
that is not very material: for the diſtance of the eye, as 
to diſtinct viſion, is indifferent, provided the rays of the 
pencils fall upon it parallel : only, the nearer the eye 
is to the end of the teleſcope, the larger the ſcope or area 
of the field of view. 


Let cd be a convex glaſs fixed in a long tube, and have 
its focus at E. Then a pencil of rays g h i, flowing from 
the upper extremity A of the remote object A B, will be 
ſo refracted by paſſing through the glaſs, as to converge 
and meet in point f; whilſt the pencil of rays k I m flow- 
ing from the lower extremity B, of the ſame object A B, 
and paſſing through the glaſs, will converge and meet in 
the point e: and the images of the point A and B, will 
be formed in the points f and e. And as all the interme- 
diate points of the object between A and B ſend out 
pencils of rays in the ſame manner, a ſufficient number of 
theſe pencils will paſs through the object-glaſs c d, and 
converge to as many intermediate points between e and f; 
and ſo will form the whole inverted image e E f, of the 
diſtin object. But becauſe this image is fmall, a con- 
cave glaſs n o is ſo placed in the end of the tube next the 
eye, that its virtual focus may be at F. And as the rays 
of the pencils paſs converging through the concave glaſs, 
but converge leſs after paſſing through it than before they 
go on further, as to b.and a, before they meet ; and the 
pencils themſelves being made to diverge by paſſing 
through the concave glaſs, they enter the eye, and form the 

Kk2 large 


Plate XVI, 
Fig. 1. 


Fig. 2. 
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large picture a b upon the retina; whereon it is > magnified 
under the angle b F a, 


But this teleſcope has one inconveniency which renders 
it unfit for moſt purpoſes; which 1s, that the pencils of rays 
being made to diverge by paſſing through the concave glaſs 
no, very few of them can enter the pupil of the eye; 
and therefore the field of view is but very ſmall, as is evi- 
dent by the figure. For none of the pencils which flow ei- 
ther from the top or bottom of the object A B can enter 
the pupil of the eye at C, but are all ſtopt by falling upon 
the iris above and below the pupil : and therefore only the 
middle part of the object can be ſeen when the teleſcope 


lies directly towards it, by means of thoſe rays which pro- 


ceed from the middle of the object. So that to ſee the 
whole of it, the teleſcope muſt be moved upwards and 
downwards, unleſs the object be very remote; and then 
it is never ſeen diſtinctly. 


This inconvenience is remedied by ſubſtituting a con- 


vex eye-glaſs, as g h, in place of the concave one; and 


fixing it ſo in the tube that its focus may be coincident 
with the focus of the object glaſs cd; as at E. For then 
the rays of the pencils flowing from the object A B, and 


paſſing through the object glaſs c d, will meet in its focus, 


and form the inverted image m E p; and as the image is 
formed in the focus of the eye-glaſs g h, the rays of each 
pencil will be parallel, after paſſing through that glaſs; 
but the pencils themſelves will croſs in its focus, on the 
other fide, asate ; and the pupil of the eye being in this 


focus, the image will be viewed through the glaſs, under 


the angle ge h; and being at E, it will appear magnified, 
ſo as to fill the whole ſpace C m ep D. 
But, 
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But, as this teleſcope inverts the image with reſpe& to 
the object, it gives an unpleaſant view of terreſtrial objects 
and is only fit for viewing the heavenly bodies, in which 
we regard not their poſition, becauſe their heing inyerted 
does not appear, on account of their being round. But 
whatever way the object ſeems to move, this teleſcope 
muſt be moved the contrary way, in order to keep fight 
of it; for, ſince the object is inverted, its motion will 
be ſo too, | 


The magnifying power of this teleſcope is, as the focal 
diſtance of the ohjeQ-glais to the focal diſtance of the eye- 
glaſs. Therefore, if the former be divided by the latter, 
the quotient will expreſs the inagnifying power, 


When we ſpeak of magnifying by a teleſcope or mĩero- 
ſcope, it is only meant with regard to the diameter, not to 
the area or ſolidity of the object. But as the inſtrument 
magnifies the vertical diameter as much as it does the 
horizontal, it is eaſy to find how much the whole viſible 
area or ſurface is magnified ; for, if the diameters be mul- 
tiplied into one another, the product will expreſs the mag- 
nification of the whole viſible area, Thus, ſuppoſe the 
focal diſtance of the object-glaſs be ten times as great as 
the focal diſtance of the eye-glaſs; then, the object will 
be magnified ten times, both in length and breadth : and 
ten multiplied by ten produces one hundred ; which ſhews 
that the area of the object will appear one hundred times 
as big when ſeen through ſuch a teleſcope, as it does to the 
bare eye. 


Hence it appears, that it the focal diſtance of the eye- 
glaſs were equal to the focal diſtance of the object- 


glaſs, 


Fig 3. 
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glaſs, the magnifying power of the teleſcope would be 
Nothii.g. . | 


This teleſcope may be made to magnify in any given 
degree, provided it be of a ſufficient length, For the grea- 
ter the focal diſtance of the object-glaſs, the leſs may 
be the focal diſtance of the eye-glaſs, though not directly 
in proportion. Thus, an object-glaſs of ten feet focal 


diſtance, will admit of an eye-glaſs whoſe focal diſtance - 


is little more than two inches and a half; which will mag- 


nify near forty-eight times; but an object-glaſs of one 
hundred feet focus, will require an eye-glaſs ſomewhat 


more than fix inches; and will therefore magnify al- 
moſt two hundred times, g 


A teleſcope for viewing terreſtrial objects, ſhould beſo 
conſtrued as to ſhew them in their natural poſture, 
And this is done by one object-glaſs c d, and three eye- 
glaſſes e f, g h, i k, ſo placed, that the diſtance between 
any two, which are neareſt to each other, may be equal to 
the ſum of their focal diſtances; as in the figure where 
the focus of the glaſſes c d and e f meet at F, thoſe of the 


glaſſes e f and g h, meet at l, and of g h and i k, at m; 
the eye being at n, in or near the focus of the eye-glaſs i k, 


on the other ſide Then it is plain that theſe pencils of 
rays which flow from the object A B, and paſs through the 
object-glaſs c d, will meet and form an inverted image 
CF Din the focus of that glaſs ; and the image being alſo 
in the focus of the glaſs e f, the rays of the pencils will be- 
come parallel, after paſſing through that glaſs, and crofs 
at l, in the focus of the glaſs e f; from whence they paſs 


on to the next glaſs g h, and by going through it they are 


converged to the points in its other focus, where they 
form 
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form an erect image E m F, of the object A B; and as 
this image is alſo in the focus of the eye-glaſs i k, and the 
eye on the oppoſite ſide of the ſame glaſs; the image is 
viewed through the eye-glaſs in this teleſcope, in the ſame 
manner as through che eye-glaſs in the former one; only 
in a contrary poſition; that is, in the ſame poſition with 
the object. 


The three glaſſes next the eye have all their focal 
diſtances equal; and the magnifying power of this tele- 
ſcope is found the ſame way as that of the laſt above; viz. 
by dividing the focal diſtance of the object-glaſs c d by 
the focal diſtance of the eye-glaſs i k, or - h, or e f, ſince 
all theſe three are equal. 3 


When che rays of light are ſeparated by refraction, they Why the 
become coloured, and if they be united again, they will — _— 
be a perfect white, But thoſe rays which paſs through a lured. | 
convex glaſs, near its edges, are more unequally refracted through a 
than thoſe nearer the middle of the glaſs. And when — 
the rays of any pencil are unequally refracted by the glaſs, 
they do not all meet again in one and the ſame point, but 
in ſeparate points; which makes the object indiſtinct, and 
coloured about the edges. The remedy is, to have a plate 
with a ſmall round hole in its middle, fixed in the tuhe at 
m, parallel to the glaſſes, For the wandering rays about - 
the middle of the glaſſes will be ſtopt by the plate from 
coming to the eye; and none admitted but thoſe. which 
come through the middle of the glaſs, or at leaſt at a good 
diftance from its edges, and paſs through a hole in the 
middle of the plate. But this circumſcribes the image, 
and leſſens the field of view, which ſhould be much larger 
if the plate could be diſpenſed with, 

The 
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The Binocular, er Double Teleſcope. 


BESIDES the teleſcopes deſcribed before, there is alſo 
one called a binocular, or double teleſcope, This is no 
more than two equal teleſcopes ſet in a frame, parallel to 
one another; and theſe may be ſet at a proper diſtance from 
one another, by the help of ſcrews ;z and that diſtance 1s to 
be the ſame as the diſtance of the two pupils of the eyes. 
When that is adjuſted, a perſon is to look through them 
both at once; through one with each eye, to any object; 
which will then be ſeen by both eyes, and appear far 
brighter then through fingle teleſcope, 


All teleſcopes in general repreſent all terreftrial objects 
to be nearer hand, but not larger; and this nearneſs, vici- 
nity, or ſeeming approach of the object, is as the magni- 
fy ing power of the teleſcope, Thus looking at a man one 
hundred yards off, with a teleſcope that magnifies one hun- 
dred times; the man will appear to be no bigger, but will 
ſeem only to be a yard off; and the like of other objects 
ſituated on the earth. 


The magnifying power of a teleſcope will be found if 
you make two equal circles of paper of an inch diameter 
or more, and fix one of them upon a wall one hundred or 
two hundred yards diſtant; and the other at a ſmall diſ- 
tance, in a line with the firſt, Then look at the further 
circle through the teleſcope with one eye, and at the near 
circle with the other eye naked. Move the near circle (or 
elie the teleſcope) back and forward, till che two circles 
appear equal, or coincide, Then meaſure the two diſ- 

tances 
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tances, from the eye-glaſs of the teleſcope to the two 
circles; then divide the greater diſtance by the leſſer, 
and you have the magnifying power of the teleſcope. 


T try the Geodneſs of an Objef Glaſs. 


THERE is no better way for trying the goodneſs of 
an object glaſs than putting it in a tube, and try ing it 
with ſeveral ſmall eye-glafles, by looking at ſeveral diſ- 
tant objects, and particularly at the title-page of a book 
for that glaſs which repreſents objects the moſt bright 
and diſtin, and bears the greateſt aperture, and the 
ſhorteſt eye-glaſs, without colouring or dimneſs, is the 
beſt glaſs, . 


If ſeveral teleſcopes of the ſame length be compared 
together, thoſe are the beſt with which you can read the 
ſame print at the greateſt diſtance. And this may be a 
rule for thoſe that buy teleſcopes, by which they may 
know how to chooſe the beſt. 


There are four principal things in a teleſcope to be 
confidered : 1, Magnifying power, 2. DiſtinQneſs. 
3. Brightneſs, 4. The vifible angle, or linear view it 


takes in. 0 
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A T ABLE. of the Focal Diſtances, Apertures, and maghifying 
Powers of Refrafting Teleſcopes. 


c. aper. |Foc. mag. 
. | obj. | eye pou- 
glaſs glaſs er. 


Inch. Inch. 
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The Reflecting Teleſcope, 


THE great inconvenience attending the management 
of long teleſcopes of the refracting kind, has brought 
them much into diſuſe ever ſince the reflecting teleſcope 
was invented; for one of this ſort, fix feet in length, 
magnifies as much as one of the other at an hundred, 
It was invented by Sir Iſaac Newton; but has received 
conſiderable improvements fince his time; and is now 
generally conſtructed in the following manner, which 


was firſt propoſed by Dr. Gregory. 


At the bottom of the great tube TT T, is placed 
the large concave mirror DUVF, &: principal focus 
is at M; and in its middle is a round hole P, oppoſite to 
which is placed the ſmall mirror L, concave toward the 
great one; and ſo fixed to a ſtrong wire, M, that it may 
be moved farther from the great mirror, or nearer to it, 
by means of a long ſcrew on the outſide of the tube, 
keeping its axis ſtill in the ſame line P mn with that of 
the great one. Now, ſince in viewing a very remote ob- 
ject, we can ſcarce ſee a point of it but what is at leaſt 
as broad as the great mirror, we may conſider the rays 
of each pencil, which flow from every point of the ob- 
ject, to be parallel to each other, and to cover the whole 
reflecting ſurface DU VF. But, to avoid confuſion in 
the figure, we ſhall only draw two rays of a pencil flow- 
ing from each extremity of the object into the great 
tube, and trace their progreſs, through all their reflec- 
tions and refractions, to the eye f, at the end of the ſmall 
tube tt, which is joined to the great one, 


Llz2 Lex 
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Fig. 4. 
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Let us then ſuppoſe the object AB to be at ſuch a 
diſtance, that the rays C may flow from its lower ex- 
tremity B, and the rays E from its upper extremity A, 
Then the rays C falling parallel upon the great mirror at 
D, will be thence reflected, converging in the direction 
DG; and by croſſing at I in the principal focus of the 
mirror, they will form the upper extremity I of the in- 
verted image I K, ſimilar to the lower extremity B of 
the object AB: and paſſing on to the concave mirror L 
(whoſe focus is at n) they will fall upon it at g, and be 
thence reflected converging, in the direction g N, be- 
cauſe g m is longer than g n; and paſſing through the 
hole P in the large mirror, they would meet ſomewhere 
about r, and fo e lower extremity d of the erect 
image a d, fimila the lower extremity B of the ob- 
Ject AB. But by paſſing through the plano-convex- 
glaſs R in their way, they form that extremity of the 
Image at b. In like manner the rays E, which come 
from the top of the object A B, and fall parallel! upon 
the great mirror at F, are thence reflected converging 
to its focus, where they form the lower extremity K of 
the inverted image I K, fimilar to the upper extremity 
A of the object A B; and thence pafling on to the ſmall 
mirror L, and falling upon it at h, they are thence re- 
flected in the converging ſtate h O; and going on thro? 
the hole P of the great mirror, they would meet ſome- 
where about q, and form there the upper extremity a of 
the erect image a d, ſimilar to the upper extremity A of 
the object AB: but by paſſing through the convex-glaſs 
R in their way, they meet and croſs ſooner, as at a, 
where that point of the erect image is formed. The like 
being underſtood of all thoſe rays which flow from the 
intermediate points of the object, between A and B, and 
enter the tube T T; all the intermediate points of the 
image between a and b will be formed; and the rays 

paſhng 
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paſſing on from the image through the eye-glaſs S, and 
through a ſmall hole e in the end of the leſſer tube t t, 
they enter the eye f, which ſecs the image a d (by 
means of the eye - glaſs) under the large angle c e d, and 
magnified in length, under that angle from c to d. 


In the beſt reflecting teleſcopes, the focus of the ſmall 
mirror is never coincident with the focus m of the great 
one, where the firſt image I K is formed but a little be- 
yond it (with reſpect to the eye) as at n: the conſe - 
quence of which is, that the rays of the pencils will not 
be parallel after reflection from the ſmall mirror, but 
converge ſo as to meet in points about q, e, r; where 
they will form a larger upright image than a d, if the 
glaſs R was not in their way: an Mis image might be 
viewed by means of a fingle eye-gaſs properly placed 
between the image and the eye; but then the field of 
view would be leſs, and conſequently not ſo pleaſant; 
for which reaſon the glaſs R is ftill retained, to enlarge | 
the ſcope or area of the field, 


To find the magnifying power of this teleſcope, mul- 
tiply the focal diſtance of the great mirror by the diſ- | 
tance of the ſmall mirror from the image next the eye; 
and multiply the. focal diſtance of the ſmall mirror by 
the focal diſtance of the eye · glaſs; then divide the pro- 
duct of the former multiplication by the product of the 
latter, and the quotient will — the magnifying 


power. 


I ſhall here ſet down the dimenſions of one of Mr. 
Short's refle&ing teleſcopes, as deſcribed in Dr. Smith's 
optics, 


The focal diſtance of the great mirror 9.6 inches, its 
breadth 2.33 the focal diſtance of the ſmall mirror 1.5, 


its 
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its breadth 0.6 : the breadth of the hole in the great 
mirror 0.5; the diſtance between the ſmall mirror and 
the next eye-glaſs 14.2; the diſtance between the two 
eye-glaſſes 2.4; the focal diſtance of the eye-glaſs next 
the metal 3.8; and the focal diſtance of the eye-glaſs 


next the eye 1.1, 


One great advantage of the reflecting teleſcope is, 
that it will admit of an eye-glaſs of a much ſhorter fo- 
cal diſtance than a refraQing teleſcope will; and conſe- 
quently it will magnify ſo much the more; for the rays 
are not coloured by reflection from a concave mirror, 
if it be ground to a true figure, as they are by paſſing 
through a convex-glaſs, let it be ground ever ſo true, 


The adjuſting #, on the outſide of the great tube 
fits this teleſcope to all ſorts of eyes, by bringing the 
ſmall mirror either nearer to the eye, or removing it 
farther; by which means the rays are made to diverge 
a little for ſhort-ſighted eyes, or to converge for thoſe 


of a long ſight. 


The nearer an object is to the teleſcope, the more its 
pencils of rays will diverge before they fall upon the 
great mirror, and therefore they will be the longer of 
meeting in points after reflection; ſo that the firſt 
image I K will be formed at a greater diſtance from the 
large mirror, when the object is near the teleſcope, than 
when very remote, But as this image muſt be formed 
farther from the ſmall mirror than its principal focus n, 
this mirror muſt be always ſet at a greater diſtance from 
the large one in viewing near objects, than in viewing 
remote ones: and this is done by turning the ſcrew on 
the outſide of the tube, until the ſmall mirror be ſo ad- 
juſted, that the object (or rather its image) appears per- 


fect. 
In 
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In looking through any teleſcope towards an object, 
we never ſee the object itſelf, but only that image of it 
which is formed next the eye in the teleſcope : for, if a 
man holds his finger or a ſtick between his hare eye and 
an object, it will hide part, if not the whole, of the ob- 
je& from his view. But if he ties a ftick acroſs the 
mouth of a teleſcope, before the objeQ-glaſs, it will 
hide no part of the imaginary object he ſaw through the 
teleſcope before, unleſs it covers the whole mouth of 
the tube: for all the effect will be to make the object 
appear dimmer, becauſe it intercepts part of the 
rays. Whereas, if he puts only a piece of wire acroſs 
the inſide of the tube, between the eye-glaſs and his 
eye, it will hide part of the objeQzgybich he thinks he 
ſees: which proves that he ſees notHhe real object, but 
its image. This is alſo confirmed by means of the ſmall 
mirror L, in the reflecting teleſcope, which is made of 
opake metal, and ſtands directly between the eye and the 
object towards which the teleſcope is turned; and will 
hide the whole object from the eye at e, if the two 
glaſſes R and S are taken out of the tube. 
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A TaBLE of the Apertures, Powers, &c. of Teleſcopes of 
the Newtonian Conſtruction, in which the Figure of the 
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great Metal is ſuppoſed to be truly Spherical, 


2 4 | ol 
8 2 8 SON Sir Iſaac 3 25 5 - 
25 8 33 8 [Newton's 2 8: 2 8. 
2172 35 
. 32 Numbers Nö * J. 
7 | 0 oQ 

Feet. In. dec. In. dec. 
2 | 0.86] 100 | 0.167] 36 
I 1.44 | 168 | 0.199 | 62 
2 2.45 283 | 0.236| 102 
3 431 383 | 0.261 | 138 
4 to] 456 | 0.281 | 1517 
5 4.88 562 | 0.297 | 202 
6 557 645 | 0.311| 232 
7 6.24 0.323 | 260 
8 6.89 | 800 | 0.334 | 287 
9 1454 | ———| 0-344] 314 
10 8.16] 940 [o. 353 340 
II 8.76 0.302 | 365 
12 | 9-36] 1084 | 0.367 | 390 
13 9.94 } 0.377 | 414 
14 | 10.49 |——| 0.384 | 437 
15 11.04 |—| 0.391 | 460 
16 | 11.59 | 1345 | 0.397 | 483 
I7 12.14 —— 0.403 | 506 
18 | 12.67 |-——| 0.409| 528 
19 | 13-20 |—| 0.414 | 550 
20 13.711591 | 0.420| 571 
21 | 14.23 |—| 0.425| 593 
22 | 14-73 [| 0.430 | 614 
23 | 15-21 |-—— | 0.435 | 635 
24 | 15-73} 1824 | 0.439 | 656 
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AS teleſcopes of Sir Iſaac Newton's conſtruction are 
now found (particularly by the late exquiſite obſerva- 
tions of Mr. Herſchell) to perform moſt excellently 
in the minutiæ of aſtronomy, eſpecially if ſmall aper- 
tures and long foci are made uſe of, I have added the 
foregoing table, chiefly taken from Dr. Smith's Optics, 
and have continued it from 17 to 24 feet focal diſtance 
of the great mirror: I have alſo annexed to it Sir Iſaac 
Newton's numbers, by means of which the apertures of 
reflecting teleſcopes of any conſtruction may be eaſily 
computed, See Appendix to Gregory's Optics, 


It may be neceſſary to mention that the preceding ta- 
ble was conſtructed by ufing the dimenſions of the mid- 
dle aperture and power of Mr, Hadley's excellent New- 
tonian teleſcope as a ſtandard; viz. the focal diſtance of 
great mirror 62 4 inches; aperture of cancave metal 
5 inches, and power 208 times. Mr, Herſchell, chiefly 
makes uſe of a Newtonian refte&or, the focal diſtance 
of whoſe great mirror is 7 feet, its aperture 6.25 inches, 
and powers 227 and 460 times ; though ſometimes he 
uſes a power of 6450 for the fixed ſtars ; but he is now 
conſtructing a teleſcope which will infinitely exceed the 
former, 


If the metals of a Neꝛotonian teleſcope are worked as 
exquiſitely as thoſe in Mr. Herſchells 7 feet reflector, 
the higheſt power that ſuch a teleſcope ſhould bear with 
perfect diſtinctneſs will be given by multiplying the di- 
ameter of the great ſpeculum by 74 ; and the focal diſ- 
tance of the ſingle eye-glaſs may be found by dividing 
the focal diſtance of the great mirror by the magnify- 
ing power; thus 6.25 multiplied by 74 is 462, the mag- 

No. XVII. Mm nifying 
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nifying power; and 7 multiplied by 12 and divided by 
462 is 0,182 of an inch, the focal diſtance of the ſingle 
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\eye-glaſs required. To this I ſhall add 
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The Multiplying Glaſs. 


THE multiplying glaſs is made by grinding down 
the round ſide h i k of à convex glaſs A B into ſeveral 
Rat ſurfaces, as h b, b I'd, d k. An object C will not ap- 
pear magnified; when ſeen through this glaſs, by the eye 
at H; but it will appear multiplied into as many dif- 
ferent objects as the glaſs contains plane ſurfaces. For, 
ſince rays will flow from the object C to all parts of the 
glaſs, and each plane ſurface will refract theſe rays to 
the eye, the ſame object will appear to the eye, in the 
direction of the rays which enter it through each ſur- 
face, Thusa ray gi H, falling perpendicularly on the 
middle ſurface will go Filer" the glaſs to the eye, 
without ſuffering any refraction ; and will therefore 
ſhe wthe object in its true place at C: whilſt a ray a b 
flowing from the ſame obje&, and falling obliquely on 
the plane ſurface b h, will be refracted in the direction 
be, by paſſing through the glaſs; and upon leaving it, 
will go on to the eye in the direction e H; which will 
cauſe the ſame object C to appear alſo at E, in the 
direction of the ray He, produced in the right line 
Hen. And the ray e d, flowing from the object C, 
and falling obliquely. on the plane ſurface d k, will 
be refracted (by paſſing through the glaſs and leav- 
ing it at f) to the eye at H; which will cauſe the ſame 
object to appear at D, in the direction Hf m. If the 
glaſs be turned round the line g 1 H, as an axis, the 
object C will keep its place, becauſe the ſurface b 1 d 
is not removed; but all the other objects will ſeem to 
go round C, becauſe the oblique planes, on which the 
rays a b c d fall, will go round by the turning of the 
glaſs, 
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The Camera Obſcura, 


THE camera obſcura is made by a convex glaſs C D, 
placed in a hole of a window-ſhutter. Then, if the 
room be darkened ſo as no light can enter but what 
comes through the glaſs, the pictures of all the objects 
(as fields, trees, buildings, men, cattle, &c.) on the 
outſide, will be ſhewn in an inverted order, on a white 


paper, placed at G H in the focus of the glaſs; and 


will afford a moſt beautiful and perfect piece of per- 
ſpective or landſcape of whatever is before the glaſs: 
eſpecially if the ſun ſhines upon the objects. 

If the convex glaſs C D be placed in a tube in the 
fide of a ſquare box, within which is the plane mirror 
E F, reclining backwards in an angle of forty-five de- 
grees from the perpendicular k q, the pencils of rays 
flowing from the outward objects, and paſſing through 
the convex glaſs to the plane mirror, will be reflected 
upwards from it, and meet in points, as I and K (at 
the ſame diſtance that they would have met at H and 
G, if the mirror had not been in the way) and will 
form the aforeſaid images on an oiled paper ſtretched 
horizontally in the direction I K; on which paper the 
outlines of the images may be eaſily drawn with a black 
lead pencil; and then copied on a clean ſheet and co- 


loured by art, as the objects themſelves are by nature. 


In this machine, it is uſual to place a plain glaſs, unpo- 
liſhed, in the horizontal ſituation I K, which glaſs re- 
ceives the images of the outward objects; and their out- 
lines may be traced upon it by a black lead pencil. 


The 
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The tube in which the convex glaſs C D is fixed, 
muſt be made to draw out, or puſh in, ſo as to adjuſt 
the diſtdnce of that glaſs from the plain mirror, in pro- 
portion to the diſtance of the outward objects; which 
the operator does, until he ſees their images diſtinctly 
painted on the horizontal glaſsat I K, 


The forming a horizontal image, as I K, of an up- 
right obje& A B, depends upon the angles of incidence 
of the rays upon the plane mirror E. F, being equal to 
their angles of reflection from it, For, if a perpen- 
dicular be ſuppoſed to be drawn to the ſurface of the 
plain mirror at e, where the ray Aa Ce falls upon it, 
that ray will be reflected upwards in an equal angle with 
the other fide of the perpendicular, in the line e d I. 
Again, if a perpendicular be drawn to the mirror from 
the point f, where the ray A b f falls upon it, that ray 
will be reflected in an equal angle from the other ſide 
of the perpendicular, in the line f h I. And if a per- 
pendicular be drawn from the point g, where the ray 
Ac g falls upon the mirror, that ray will be reflected 
in an equal angle from the other ſide of the perpendicu- 
lar, in the line g i I. So that all the rays of the pencil 
a be, flowing from the upper extremity of the object 
A B, and paſſing through the convex-glaſs C D, to the 
plain mirror E F, will be reflected from the mirror, and 
meet at I, where they will form the extremity Jof the 
image I K, ſimilar to the extremity A of the object 
A B. The like is to be underſtood of the pencil q r s, 
flowing from the lower extremity of the object A B, 
and meeting at K (after reflection from the plain mir- 
ror) the rays from the extremity K of the image, ſimi- 
lar to the cxtremity B of the object; and fo of all the 


pencils that flow from the intermediate paints of the 
object 
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object to the mirror, through the convex-glaſs. This 
may be further improved by placing a convex lens of 
fix inches focal diſtance, and four inches diameter, or 
more if it be required longer between the mirror and 
the ground glaſs ; and though this will reduce the pic- 
ture, yet it will be more illuminated, and afford a 
pleaſanter view, 


The Solar Teleſcope | 


IS a curious inſtrument, and is applied to uſe in the 
following manner. A ſcioptric ball and ſocket being 
faſtened againſt a hole in the window-ſhutter in a dark- 
enced chamber, place the end of a common refracting 
teleſcope with its ohject- glaſs and eye-glaſs into the cy- 
lindrical hole of the ſcioptric ball, and draw out the 
tube to its proper length; this being done the teleſcope 
and ball are moved about till it receives the ſun-beams 
perpendicular on the object-glaſs through the cylindri- 
cal hole of the ball ; the tube with the eye-glaſs is then 
to be adjuſted by moving 1t either in or out, till the 
image of the ſun, formed on a white plane or ſcreen, 
is very diſtin, large, and luminous. 


In this manner the ſun's face is viewed without of- 
fence to the eyes, and whatever changes happen therein 
may be moſt accurately obſerved; the ſpots, which 
are ſeldom ſeen, even when viewed through ſmall teleſ- 
copes in the common way, are here conſpicuous, and 
eaſy to be obſerved with all the different circumſtances 
of the ſpots beginning to appear ; their increaſe, divi- 
Hon of one into many, or the uniting of many into 
one, their magnitude and decreaſe, their yaniſhing, 
and their diſappearance behind the ſun, 
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An eclipſe of the ſun may, by the ſolar teleſcope, be 
viewed to the greateſt advantage, we having it ia our 
power to repreſent the face of the ſun as large as we 
pleaſe, conſequently che eclipſe proportionally conſpi- 
cuous ; alſo the circle of the ſun's diſk may be ſo di- 
vided by lines and circles drawn thereon, that the 
quantity of the eclipſe intimated in digits may. this 
way be exactly determined; alſo the exact time of the 
beginning, middle, and end thereof, for determining 
the longitude of the place, are ſeen to the greateſt ad- 
vantage; The tranſits of Mercury and Venus over the 
face of the ſun, are exhibited moſt delightfully by this 
inſtrument : they will here appear truly round, well 
defined, and very black : their comparative diameters 
to that of the ſun may this way be obſerved, the di- 
rection of their motion, and the times of ingreſs and 
egreſs are here viewed to the greateſt perfection. 


The Helioſtata to take off the inconveniences which 
ariſe from the motion of the earth, in making experi- 
ments on the ſolar light, was an excellent invention of 
Dr. Graveſand : it conſiſts of two principal parts, each 
of which conſiſts of many ſmaller parts. The firſt is 
a plain metallic ſpeculum, ſupported by a ſtand; the 
other is a clock which directs the ſpeculum according to 
the earth's motion, keeping the ſun in the ſame point of 


view. 


Dbe Acromatic Teleſco pe. 


THIS conſiſts of a double or treble object-glaſs; the 
double object- glaſs conſiſts of a double concave of 
white flint, and a double convex of crown glaſs. The 


parts of the lenſes, which are of the ſame ſide of the 
centers, 
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centers, may be conceived to act like two priſms, which 
refract contrary ways; and if the exceſs of refraction 
in the crown glaſs be ſuch as to deſtroy the divergency 
of colour cauſed by the flint- glaſs, the incident ray will be 
refracted without any production of colour: the ſame is 
true of all the incident rays, and conſequently the image 
formed in the focus of this compound object-glaſs will 
be free from colours; or, in other words, by means of 
the different refractive power of theſe two ſorts of glaſs 
and their unequal figure, it comes to paſs that all the 
Tays of light incident upon thoſe glaſſes from diſtant 
radiant objects, will paſs through them in ſuch a man- 
ner, that whatever aberration is occaſioned in the he- 

terogeneal rays in refraction through the firſt glaſs, is 
ſo far corrected by the ſecond, that thoſe rays emerge 
from it nearly parallel among themſelves, and are con- 
verged to one focus, forming an image not ſenſibly 
compounded or coloured, and therefore are more per- 
fe& and diſtinct. It will therefore admit a much larger 
aperture, and of courſe a greater magnifying power 
than the common refracting teleſcopes poſſibly can; if 
the teleſcope be ſhort, the convexity of the lenſes will 
be conſiderable; and in ſuch caſes it is moſt convenient 
to combine three lenſes, one concave of white flint- glaſs 
between two convex of crown glaſs ; but ſtill, where a 
great magnifying power is wanted, recourſe muſt be. 
had to refracting teleſcopes : theſe, and all other optical 
and philoſophical inſtruments, are to be had in their 
greateſt perfection of that ingenious artiſt Mr. George 
Adams, Fleet Street, London; whoſe affiduity in ren- 
dering philoſophical reſearches familiar, is well known 
to the ſcientific, | 


CLOCK 
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CLOCK-MAKING. 


Of the Terms of Art, or Names by which the Parts of aft 
| Automaton are called, ' p 


Ji is neceſſary that T ſhould ſhew the meaning of the 
terms which clock-makers uſe, that gentlemen, and 4 
others, unſkilled in the art, may know how to expreſs 
themſelyes properly, in ſpeaking ; and alſo underſtand | 
what I ſhall ſay in the following treatiſe : 


I begin with the more general terfns : as, the frame 3 
which is that which contains the wheels, and the reſt of 
the Work, The pillars and r are what it chieffy 
conſiſts of. 


Next for the main-ſpring, and its appurtenances. 
That which the ſpring lies in, is the ſpring-box : that 
which the ſpring laps about, in the middle of the ſpring- 
box, is the ſpring-arbor;z to which the ſpring is hooked 
at one end, At the top of the ſpring-arbor, is the end- 
leſs-ſcrew, and its wheel: but in ſpring-clocks, it is 4 
ratchet-wheel, with its click that ſtops it. 


No. XVIII. Nn That 


2% AN INTRODUCTION TO 


That which the main ſpring draweth, and about 
which the chain or ſtring is wrapped, and which is com- 
monly taper, is the fuſy, Th larger Fork, going with 
weights, where it is cylindrical, it is called the barrel: 
the ſmall teeth at the bottom of the fuſy, or barrel, that 
ſtop it in winding up, is the ratchet, That which ſtops - 
it when wound up, and is for that end driven up by the 
ſtring, is the gardegut. 

The parts of a wheel are, the hoop, or rim; the teeth; 
the croſs; and the collet, or piece of braſs, ſoldered on 
the arbor, or ſpindle, on which the wheel is rivetted. 


A pinion, is that little wheel which plays in the teeth 
of the wheel: its teeth (which are commonly 4, 5, 6, 7, 
8, &c.) are called leaves, not teeth. 6b 


The ends of the ſpindle, are called pivots : the holes, 
in which they run, pivot holes. 


The guttered wheel, with iron ſpikes at the bottom, 
in which the line of ordinary thirty-hour bouſe-clocks 
doth run, is called the pulley. 


I need not ſpeak of the dial- plate, the hands, ſcrews, 
wedges, ſtops, &c. 


Thus much for general names, which are common to 
all parts of a movement. 


The moſt uſual movements are watches and clocks. 
Watches, ſtrictly taken, are all ſuch movements as ſhew: 
the parts of time; and clocks are ſuch as publiſh it, by 

ſtriking 
8 
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Ariking on a bell, &c. But commonly the name of 
watches is appropriated to ſuch as are carried in the poc- 
ket ; and that of clock to the larger movements, whe- 


ther they ſtrike the hour or no, As for watches which 
ſtrike the hour, _— are e pocket- dlocks. 


The parts of a Wedeln which I ſhall conſider, are 
the watch and clock parts, 


The watch part of a movement, is that which ſerveth 
to the meaſuring the hours: in which the firſt thing J 
ſhall conſider is the balance; whoſe parts are the rim, 
which is the circular part of it; the verge is its ſpindle, 
to which belong the two pallets, or leaves, which play 
in the teeth of the crown-wheel : in pocket watches, that 
ſtrong ſtud, in which the lower pivot of the verge plays, 
and in the middle of which, one pivot of the balance» 
wheel plays, is called the pottance, The bottom of this 
is called the foot ; the middle part (in which the pivot 
of the balance-wheel turns) is called the noſe ; the upper 
part, the ſhoulder of the pottance. The piece which 
covers the balance, and in which the upper pivot of the 
balance plays, is the cock. The ſmall ſpring in pocket 
watches underneath the balance, is the regulator, or pen- 
dulum-ſpring. 


The parts of a pendulum are the verge, pallets, and 
cocks, as before. The ball in long pendulums, the bob 
in ſhort ones, is the weight-at the bottom : the rod, or 
wire is plain. The term peculiar to the royal ſwing, are 
the pads, which are the pallets in others, and are fixed 
on the arbor; the fork is alſo fixed to the arbor, and about 
fix inches below, catcheth hold on the rod, at a flatpiece 
of brafs, called the flat, in which the lower end of the 
ſpring is faſtened, 4 
© — Na 2 The 
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The names of the wheels next follow: the crown- Wheel 
in ſmall pieces, and the ſwing wheel in royal pendulums, 
is that wheel which drives the balance, or pendulum, 


The contrate-wheel, is that wheel in pocket-watches, 
and others, which is next to the crown-wheel, whoſe 
teeth and hoop lie contrary to thoſe of other wheels; 
whence it hath its name. 


The great wheel, or firſt-wheel, is that which the 
fuſy, &c. immediately driveth. Next it are the ſecond» 
wheel, third-wheel, &c, 


Next followeth the work between the frame and dial- 
plate: and firſt, is the pinion of report; which is that 
pinion which is commonly fixed on the arbor of the 
great wheel, and in old watches uſed to have commonly 
but four leaves; which driveth the dial-wheel, and this 
carrieth, about the hand, 


The laſt part which I ſhall ſpeak of is the clock, which 
is that part which ſerveth to ſtrike the hours: in which, 
I ſhall firſt ſpeak of the great or firſt wheel; which is 
that which the weight or ſpring firſt drives. In thir- 
ty-hour clocks, this is commonly the pin-wheel; this 
wheel, thus with pins, is called the ſtriking- wheel, or 
pin-wheel, 


Next to this ſtriking-wheel, followeth the detent- 
wheel, or hoop-wheel, it having a hoop almoſt round it, 
in which is a vacancy, at which the clock locks. 


The next 1s the third, or fourth-wheel (according as it 
is diſtant from the firſt wheel) called alſo the warning; 
wheel, | 


And 


4 
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And laftly, is the flying pinion, with a fly,or fan, to 
gather air, and fo bridle the monty of the clock's mo- 
tion, 


Beſides theſe, there are the pinion of report, of which 
before, which driveth round the locking wheel, called 
alſo the count-wheel, with eleven notches in it com- 
monly, unequally diſtant from one another, to make the 
clock ſtrike the hours of 1, 2, 3, &c. \ 


Thus much for wheels of the clock part. 


The detents are thoſe ſtops which, by being lifted 
up, or let fall down, do lock and unlock the clock in 
ſtriking. , 


The hammers ftrike the bell: the hammer-tails ars 


what the ſtriking-pins draw back the hammers by. 
* | 


Latches are what lift up, and unlock the work. 


Catches are what hold by hooking, or catching hold 
of. 


The lifting pieces do lift up, and unlock the detents, 
in the clock part. 


The train is the number of beats or vibrations which 
the watch maketh in an hour, or any other certain time. 


There are beſide theſe, divers other terms which clock- 
makers uſe in various ſorts of pieces; as the ſnail or ſtep- 
Wheel, in Aden the rack, the ſafeguards, the 

ſevoral 
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ſeveral levers, lifters, and detents : but it would be te- 


Aious, and it is needleſs to mention the particulars. 


For the better underſtanding theſe terms of art, andthe 
parts of a clock, I haye repreſented them to the eye: in 
which, two diſtinct parts may be obſerved; the watch, 

and the clock part. 


The wheels, &c. on the right N is the watch PY - 


they on the left, the clock, 


D. D. The ſpring-boxes of the watch and clock part. 
E. E. The great wheel of each part. 


F. F. The fuſy of each part, abgyt whe the chain 
or ſtring is wrapped. . 2 


o. o. The 8 ſpring of each part. 
g: g. The ratchet of each part. 
a. The hoop, or rim of the ſecond wheel, | 
b The croſs thereof, * 
c. The pinion, 
d. The third-wheel, 
Xs The pallet-wheel. 
L. The pin- wheel, with the ſtriking· pins e. 4 e. 


m. The hoop- wheel. 
| n. The 


. 
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n. The warning wheel, or fourth -wheel. N 


O. The detent, 


p. The lifting-piece. 

2. The fan, and  fiying-pinion. 
B. Tho bb ins, 

a. Tha bene 


T. The enn. | 


* 4. >» 
+4 


v. The hammer-ſpring. 


V. V. The chain, or ſtring of the watch and clock. 


The pendulum conſiſts of, 1. The rod. 2. The fork. 
3. The flat. 4. The great ball, 5. The corrector, or 
regulator; being a contrivance of very great uſe to bring 
the pendulum. to its niceſt vibrations, and is fixed on 
the verge at the end of the —_— 5. LY 


To find the Length of a Pendulum eee 
Number of Vibrations in a Minute, and vice . 


A Pam whoſe length i 19 59-2 inches, Cohen #44 
point of ſuſpenſion to the center of oſcillation, makes 60 
vibrations in a minute: this 1s called ſtandard length. 
For any other number of vibrations in a minute, ſay 


asthe ſquare of the given nber of vibrations is to the 
ſquare 


—_— 
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ſquare of 60, ſo is the length ofthe ſtandardtothe length 
ſought. Thus, ſuppoſe the given number of vibrations 
to be 3o per minute: the ſquare of 30 is 900, and the 
ſquare of 60 is 3600: then, as 900 is to 3600, ſo is 39.2 
to 156.8: ſo that the length required for 30 vibrations 
per minute 1s 156. 8 inches. 


If the length of the pendulum be given, and the num- 
ber of vibrations it makes in a minute might be required; 
fay, as the given length 1s to the ſtandard length (39. 2 

inches) ſo is the ſquare of bo vibrations to the ſquare of 
the number required: the ſquare root of which ſhall be 
the number of vibrations made by the pendulum in a. 
minute, Thus, ſuppoſe the given length to be 156.8 
inches: as 156.8 is to 39.2, ſo 1s 3600 (the ſquare of 
60) to 9oo; the ſquare root of which is 30, the number 
ef vibrations that this pendulum will make in a minute. 


The length of a pendulum that would make only one 
vibration in a minute is 3920 yards, or 147 120 inches: 
and the length of a pendulum that would make 240 vi- 
brations in a minute (or 4 in a ſecond) is 2. 45 inches, 


— 


In theſe calculations, it is ſuppoſed that the weight of 
the pendulum-rod bears little or no ſenſible proportion 
to the weight of the ball. But as this cannot be the 
caſe in practice, the center of oſcillation will always he 
further from the point of ſuſpenſion than the calculation 
makes it; and this muſt be found by trial, 


To 
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7, divide the 3 of a Circle into an given — 
ber of wag 19 88 whether even or odd, 


As there are very uncommon. and odd numbers of. 
teeth in ſome of the wheels of the aſtronomical 
clocks, and which, conſequently, could not be cut 
by any common engine uſed by clock-makers for 
cutting the numbers of teeth in their clock-wheels, I 
thought proper toſhew how to divide the circumference 
of. a circle into any given odd or even number of equal 
parts, ſo as that number may be laid down upon the 
dividing-plate of a . engine. 


There is no odd number, but Ren which, if a certain 
number be ſubtracted, there will remain an even num- 
ber, eaſy to be ſubdivided: thus, ſuppoſing the given 
number of equal diviſions of a circle on the dividing- 


plate to be 69; ſubtract 9, and there will remain 60, 


Euvery circle is ſuppoſed tocontain 360 degrees: there- 
fore ſay, as the given number of parts in the. circle, 
which is 69, is to 360 degrees, ſo is ꝙ parts to the cor- 
reſponding arc of the circle that will contain them: 
which arc, by the rule of three, will be found to be 46 
95-190, Therefore, by the line of chords on a common 
ſcale, or rather on a ſector, ſet off 46 95-100 (or 46 9-10) 
degrees with your compaſſes, in the periphery of the 
circle, and divide that are or portion of the circle into 
equal parts, and the reſt of the circle into 60; and the 
whole will be divided into 6g equal parts, as was required, 

Again, ſuppoſe it were required to divide thecircum- 
ference of a circle into 83 equal parts; ſubtract 3, and 
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80 will remain. Then as 83 parts are to 360 degrees, 
ſo (by the rule of proportion) are 3 parts to 13 degrees 
and one hundredth part of a degree; which ſmall 
fraction may be neglected. Therefore, by the line of 
chords, and compaſſes, ſet off 13 degrees in the peri- 
phery of the circle, and divide that portion or are into 3 
equal parts, and the reſt of the care 3 into 89; and the 


thing will be _ 


Once more, ſuppoſe it were required to divide agiven 
circle into 365 equal parts: ſubtra& 5, and 360 will re- 
main, Then, as 365 parts are to 360 degrees, ſo are 5 
parts to 4 93-100 degrees, Therefore, ſet off 4 93-109 
(or 4 9-10) degrees in the circle; divide that ſpace into 
5 equal parts, and the reſt of the circle into 360; and 
the whole will be divided 4 into 365 equal parts, as wag 


required, 


Thave often found this rule or method very uſeful in 
dividing circles into an odd number of equal parts, or 
wheels into odd numbers of equal ſized teeth with equal 
ſpaces between them: and now I find it as eaſy to di- 
vide any given circle into any odd numbers of equal 
parts, as to divide it into any even number. For this 
purpoſe I prefer the line of chords on a ſector, to that on 
a plain ſcale; becauſe the ſector may be opened ſo, as to 
make the radius of the line of chords upon it equal to 
the radius of the given cirele, unleſs the radius of the cir- 
cle exceed the whole length of the ſector when it is opened 
ſo as to reſemble a ſtraight ruler, or ſcale; and this is 
what very ſeldom happens. 


Any perſon who is uſed to handle che compaſſes, and 


the ſcale or ſector, may very eaſily, by a little practice, 
a take 
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take off degrees, and fractional parts of a degree, by the 
accuracy of his eye, from a line of chords, near enough 
the truth. for the above-mentioned purpoſe, 


Suppoſing the Diſtance between the Centers of two Wheels, one 
of which is to turn the other, be given ; that the Number of 
Teeth in one of theſe Wheels is different from the Number of 
Teeth in the other, and it is required to make the Diameters 
of theſe Wheels in ſuch Proportion to one another as their 
Numbers of Teeth are, ſo that the Teeth in both Wheels may 
be of equal Size, and the Spaces between them equal, that 
either of them may turn the other eafily and freely, —it is re- 
quired to find their Diameters, 


HERE it is plain, that the diſtance between the een - 
ters of the wheets is equal to the ſum ot both their radii 
in the working parts of the teeth. Therefore as the num- 
ber of teeth in both wheels, taken together, is to the diſ- 
tance between their centers, taken in any kind of mea. 
ſure, as feet, inches, or parts of an inch; ſo is the num- 
ber of teeth in either of the wheels to the radius or ſemi- 
diameter of that wheel, taken in the like meaſure, from 
its center to the working part of any one of its teeth. 


Thus, ſuppoſe the two wheels muſt be of ſuch ſizes 
as to have their diſtances between their centers 3 inches; 
that one wheel is to have ſeventy-five teeth, and the 
other to have 33, and that the ſizes of the teeth in both 
the wheels is equal, ſo that either of them may turn the 
other. The ſum of the teeth in both wheels is 108; 
therefore ſay, as 108 teeth is to 5 inches, ſo is 75 teeth to 
3 inches and 47 hundred parts of an inch: and as 108 
Qo2 i 
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is to 5. ſo is 33 to 1 inch and 5ᷣʒ hundred parts of an incl. 
So that from the center of the wheel of 75 teeth to the 
working part of any tooth in it, is 3 inches and 4) hun- 
dred parts of an inch; and, from the center of the 


wheel of 33 teeth to the working part of either of its 
teeth, is 1 inch and 53 hundred parts of an inch. \ 


General preliminary Rule: and Directions for Calculation. | 


FOR the more clear underſtanding this, it muſt be ob- 
ſerved, that thoſe automata (whoſe calculation J 
chiefly intend) do by little interſtices, or ſtrokes, mea - 
fure out long portions of time. Thus the ſtrokes of the 
balance of a watch, do meaſure out minutes, hours, 
days, &c. 


Now to ſcatter thoſe ſtrokes amongſt wheels and pi- 
nions, and to proportionate them, ſo as to meaſure time : 
regularly, 1s the defign of calculation, 


And * the firſt place, you are to know, that any 
wheel being divided by its pinions, ſhews how many 8 
turns that pinion hath to one turn of that wheel. Thus 
a wheel of 60 teeth driving a pinion of 6, will turn 
round the pinion iotimes in going round once, 6)6o(10. 


From the fuſy to the balance the wheels drive the pi- 
nions; and conſequently the pinions run faſter, or go - 
more turns, than the wheels they run in. But it is con- 
trary from the great wheel to the dial- wheel. Thus, in 
the laſt example, the wheel drives round the pinion 10 
times: but if the pinion drove the wheel, it muſt turn 
10 times to drive the wheel round once. 


Before 
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Before I proceed further, I muft ſhew how to write 
down the wheels and pinions; which may be done either 
as vulgar. fractions, or in the way of diviſion in vulgar 
arithmetic, For example, a wheel of 60 moving a pinion 
of 5, may be ſet down 60-3ths; or thus 5)60 : where 
the uppermoſt figure 60, or numerator, is the wheel, 
the lowermoſt or denominator, is the pinion : or in the 
latter example, the firſt figure is the pinion, the next 
without the hook-the wheel. | 


The number of turns which the pinion hath in one 
turn of the wheel, is ſet without a hook on the right 
hand, as:5)60(12 zi, e. a pinion 5 playing in a wheel of 
60, moveth round 12 times in one turn of the wheel. 


A whole movement may be noted thus, 4) 369 
+ 55 45 49 ſeventeen notches in the 


Fe 5) $5 (21 
crown-wheel, Or rather becauſe eaſier 5) 45 6 
to mean capacities, as you ſee here in the 5( 40(8 
margin: where theuppermoſt number a- 3522 
bove the line is the pinion of report 4, the 17 


dial-wheel 36, and ꝙ̃ turns of the pin of report. The 
ſecond number (under the line) is 5 the pinion, 55 is the 
great wheel, and 11 turns of the pinion it driveth. The 
third numbers are the ſecond wheel, &c. The fourth the 
contrate wheel, &c. And the ſingle number 17 under 
all, is the number of the crown- wheel. 


By knowing the number of turns which any pinion 
hath in one turn of the wheel it worketh in, you may alſo 
find out how many turns a wheel or pinion hath at a 
greater diſtance; as the contrate wheel, crown wheel, &c. 
For it is but multiplying together the quotients (by the 

mu quotients 
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quotients, I commonly mean the number of turns; which 
number is ſet on the right hand, without the hook, as is 


ſhewn in the laſt example) and the number produced is 


the number of turns. An example will make what I ſay 

plain: let us chuſe three numbers here ſet 
5) 55(11 down; the firſt of which hath 11 turns, the 
$)45(9 next q, and the laſt 8. If you multiply 11 


S) 49(8 and q, it produceth 99, for ꝙ times 11 is 99, 


that is in one turn of the wheel 55, there are 
09 turns of the ſecond pinion 5, or the wheel 40, which 
runs concentrical, or on the ſame arbor with the ſecond 
pinion 5. For as there are 11 turns of the firft 
pinion 5, in one turn of the great wheel 55, or (which 
is the ſame) of the ſecond wheel 45, which is on the ſame 
ſpindle with that pinion 5; ſo there are g times 11 turns 
in the ſecond pinion 5, or wheel go in i turn of the great 
wheel 55. If you multiply the laſt quotient 8 (that is, 


8 times 99 is 792) it ſhews the number of turns which 


the third and laſt pinion 5 hath. So that this third and 
laſt pinion turns 792 times in one turn of the firſt wheel 
55. Another example will make it ftill more plain, 
The example is in the margin. The turns 

8) 80 (10 are 10, , and 8. Theſe multiplied as before, 
6) 54 8 run thus, viz, 10 times 9 is 90, that is the 
5) 49(8 400 pinion 6 (which is the pinion of the third 
, . wheel 40, and runs in the ſecond wheel 54) 
turns qo times in one turn of the firſt wheel 

80. This laſt produ@ go being multiplied 

by 8, produces 720; that is, the pinion 5 (which is the 
pin of the crown-wheel 15) turns 120 times in one turn 
of the firſt wheel of do teeth. 


A whole 


2 22 we _ 
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A whole Movement of a modern Pocket JV aich may be 
noted thus: | 


Teeth Leaves 
The great wheel - 48 - 12 
Centre wheel - 54 = 6 
Third wheel - 48 - 6 
Contrate wheel - 48 - 6 

Balance wheel - 15 - 2 pallets, 


Thus when the watch is wound up, the chain from 
the ſpring exerts a force upon the fuſee, which gives 
motion to all parts of the machine, | 


The great wheel on the fuſce having 48 teeth, and 
driving the center wheel by a pinion of 12 leaves, make 
the center wheel turn round four times in one turn of 
the fuſee. Thus alſo we may account for all others; 
for, 


If 12) 48 (4 = Turns of the center wheel, 
So 6) 54 (9 = Turns of the third wheel. 
6) 48 (8 = Turns of the contrate wheel, 
6) 48 (8 = Turns of the balance. | 


Then multiply theſe ſeveral quotients together ſueceſ- 
fively, and you will find the turns of each of thoſe wheels 
reſpectively in one turn of the fuſce. 


Thus 1 turn of the fuſee, or great wheel; 4 mul. 1 = 
to 4 turns of the center wheel; 9 mul. 4, mul. 1 = to 
36 turns of the third wheel; 8 mul, 9, mul. 4. mul. 1 
= to 288 turns of the contrate wheel; 8 mul. 9 mul. 
4 mul. 1 = to 2304 turns of the balance wheel, 

And 
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And the balance wheel having 15 teeth, and each ſtrik- 


ing a pallet twice in one revolution, there will be thirty 
ſtrokes upon the axis of the balance, which are called the 
beats of the balance; conſequently there muſt be 2304 
mul, 30 = 69120 ſtrokes or beats in one turn of the fu- 


ſee or great wheel. 


But though theſe particulars are neceſſary to be pre- 
miſed, our principal regard, in the diviſion of time, is to 
be paid to the center wheel. For this wheel alone is that 
ũpon which both the hour and minute-hand is moved or 


carried round upon the face of the watch; to ſhew the 


hour of the day, and the minute of the hour, &c. 


If we would find out the number of beats of the ba- 
lance in the time of thoſe turns above-mentioned, it muſt 
be noted, that as the watch goes thirty hours, and the 
minute-hand, and confequently the center wheel goes 


round once in an hour, the ſaid center wheel will have 


thirty turns in the time of the watch's going round; and 
becauſe it hath four turns in one of the fuſee, therefore 
we muſt ſay 4)3o( = 7 Z =the number of turns of the 
fuſee, in winding up the watch. Whence we find 69 120 
mul. 7, 5 = 518400 = the number of the beats in 30 
hours. Then if we divide 518400 by 30, the quotient will 
be 17280 = number of beats in an hour, which is 


called the train of a watch; which train is called 


ſwifter or ſlower;-is the number of beats in an hour is 

more or leſs; ſo again, if we divide this train 17280 by 
600, the ſeconds in an hour, the quotient will be almoſt 

5, or almoſt 5 beats per ſecond in ſuch a watch. | 


- By 


1 
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By this analyſis, it is eaſy to form an idea of the 
manner of calculation for the numbers of the teeth and 
leaves for the ſeveral wheels and pinions in a watch ; 
which may further be illuſtrated by an example of a 
train 14400, Which will beat quarter ſeconds, becavſe 
ſuch a train is uſeful in many philoſophical caſes, as 
well as in the juſt diviſion of time, 


Suppoſe the intended watch is to go 32 hours ; then 
it will be found that 14400 multiplied by 32 = 460800 
= the beats of the balance in- 32 hours. And if the 
number of turns in the fuſee be 8, then 8)460800( = 
57600 = the beats in one turn of the fuſee. 

Again, ſuppoſe the number of teeth in the balance- 
wheel be 14; there will be go beats in one turn of this 
wheel; then 30)57600( = 1920, which will be the 
number ariſing from the continued multiplication of all 
the quotients of the wheels, divided by the pinions they 
drive from the great wheel to the balance-wheel, as 
has been already exemplied. | 


Our next care is to break this number into four con- 


venient ſmall numbers, which, multiplied together, 
{ball make the ſame-number 1920. Then I ſay, 41920 
= 480, Again, I ſay, 6)480( = 80: and as Iplainly ſee 
that 80 = 8 multiplied by 10, conſequently the four 
numbers {ought for are 4, 6, 8, and 10; becauſe, mul- 
tiply theſe numbers together, they will make exactly 
1920: thus, 4 mul. 6 mul. 8. mul. 10 = 1920. 


The quotients thus national, we may eaſily find 


what large numbers, divided by ſmall ones, will pro- 


No. XIX. P p duce 


289 


Fig. 4. 


AN INTRODUCTION TO 


duce the ſaid quotients: thus 12)48( = 4. Conſe- 


quently, if we allow 48 teeth to the great wheel on the 
fuſee, it muſt drive a pinion of 12 on the center- wheel. 
So again, if for the quotient 6, we chooſe 54 and 9 
(thus 9)54(=6) it ſhews that the teeth of the center 
wheel may be 54; and it muſt drive a pinion of 9 on 
the third wheel, Or if, inſtead of 54 and 9, we chuſe 
48 and 8, it will anſwer the ſame end: thus 8)48(=6, 
As for the quotient 10, we may eaſily perceive that 50 
and 5 will anſwer the enquiry : thus 5)50(=10; ſo 
the third wheel having 50 teeth, muſt drive a pinion 
of 5 on the contrate wheel : where note, that if the ſaid 
wheel has 40 or bo teeth, and drive a pinion of 4 or 6, 
we ſhall find the ſame number of turns exactly: and as 
for the quotient 8, we have the number 48 and 6: thus, 
6)48(=8 ; or, 7)56(=8; or, 5)40(=8 :. therefore, if 
the contrate wheel be allowed 40, or 48, or 56 teeth, 

it will drive a pinion of 5, 6, or 7 leaves on the balance». 


wheel. 


Thus it is to determine and adjuſt all the wheels and 
pinions in the body of a watch, from the fuſee to the 
balance, ſo far as to relate to the minute of an hour, 
and to the ſeconds and quarter ſeconds of a minute, 


Having ſhewed, as clearly as I can, the way of cal- 
culating numbers for the watch-part, I ſhall alſo briefly 
ſhew the principles of the ſtriking part. 


Altho' this part conſiſts of many wheels and pinions, 
yet reſpeR needs to be had only to the count-wheel, 
{triking-wheel, and detent-wheel, which move round 
in. this proportion; the count-wheel B moveth round 
commonly once in 12 or 24 hours. The detent-wheel 

| moves 
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moves round every ſtroke the clock ſtriketh; ſome- 
times but once in two ſtrokes, From whence it fol- 


lows, 


1, That as many pins as are in the pin-wheel, ſo 
many turns hath the detent-wheel in one turn of the 
pin-wheel : or (which is the ſame) the pins of the pin- 
wheel are the quotient of that wheel, divided by the 
pinion of the detent-wheel. But if the detent-wheel 
moveth but once round in two ſtrokes of the clock, 
then the ſaid quotient is but half the number of pins, 


2, As many turns of the pin-wheel as are required to 
perform the ſtrokes of 12 hours (which are 78) ſo many 
turns muſt the pinion of report have, to turn round the 


count- wheel once. Or thus: Divide 78 by the num- 


ber of ſtriking-pins, and the quotient thereof ſhall be 
the quotient for the pinion of report and the count- 


wheel. All this is, in caſe the pinion of report be fixed 


to the arbor of the pin-wheel, as is very commonly 
done, 


All this I take to be very plain : or, if it be not, 
the example in the margin will clear 
all difficulties. Here the locking- $)48(6 
wheel A is 48, the pinion of report is 
8, the pin-wheel is 78, the ſtriking- 6)78(13 pins 
pins are 13: and ſo the reſt. I need 6)6o(10 
only to remark here, that 58 being 6)48($ 
divided by the 13 pins, gives 6; which N 
is the quotient of the pinion of report O, as was before 
hinted; and the notches of the plate B ſerve to let the 
locking- piece C fall into; Which comes from the de- 


tent D. 
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As for the warning-wheel and flying-pinion, it mat- 


ters little what numbers they have, their uſe being oaly 


to bridle the rapidity of the motion of the other wheels. 


Numbers of ſeveral Sorts of Movements. 


Although I have before given ſuch plain directions as 
may, I hope, accompliſh a young practitioner in the 
art of calculation, yet it may be very convenient to ſet 
down ſome numbers fit for ſeveral movements; partly 
to be as examples to exerciſe the young reader; and 
partly to ſerve ſuch who want leiſure or underſtanding 


to attain to the art of calculation. 


Numbers f an ihe Day Piece, with 16 Turns of the 
Barrel : the Pendulum vibrates Seconds, and 


/hews Minute, Seconds, c. 


Watch part. Clock part. 
8)96 8)78 
B(b0—40)4—6)72 56 8 pins 
7)56 7)49 
— 1)49 

30 


In the watch part, the wheel 60 is the minute-wheel, 
which is ſet in the middle of the clock, that its ſpindle 
may go through the middle of the dial-plate, to carry 
the minute-hand. 


Alſo, on this ſpindle is the wheel 40, a, which driv- 
eth another wheel b of 40; which laſt hath a pinion 6, e, 


which driveth round that of 72 d in 12 hours. Note two 
things: 
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things: 1. That the two wheels 40, are of no other 
uſe but to ſet the pinion 6 at a convenient diſtance 
from the minute-wheel, to drive the wheel 72, which 
is concentrical with the minute-wheel ; for a pinion 6 
driving a wheel 72, would be ſufficient, if the minute - 
hand and hour-hand had two different centers. 2. 
Theſe numbers, 60—40)40—6(72, ſet, thus, ought, ac- 
cording as above, to be thus read, viz. The wheel 60 
hath another wheel 40, on the ſame ſpindle; which 
wheel 40, divideth (playeth in, or turns round) ano- 
ther wheel 40; which hath a pinion 6 concentrical 
with it; which pinion driveth or divideth a wheel of 
723 for a line parting two numbers (as b60—48) de- 
noteth thoſe two numbers to be concentrical, or to be 
placed upon the ſame ſpindle, And when two numbers 
have a hook between them (as 48)48) it fignifies one to 
run in the other. 5 | 


In the ſtriking part, there are 8 pins on the fecond- 
wheel 56. The count-wheel may be fixed unto the 
great wheel, which goeth round once in 12 hours. 


A Piece of 32 Days, with 16 Turns both Parts: 
the Watch fheweth Hours, Minutes, and Seconds; 
and the Pendulum vibrateth Seconds, 


Watch part, Striking part, 

with 16 turns, with 16 turns, 
16)96 10130 | 
9)72 | g 24 pins 
8)60—48)48—6)7 )96{ 12)39 
7)56 6)72 double hoop. 
4 6) 60 


30 The 
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The pinion of report is fixed on the end of the arbor 
of the pin-wheel, The pinion is 12, the count-wheel 


39; thus, 12)39. 


A Two Months Piece of 64 Days, with 16 Turns; 
Pendulum vibrateth Seconds, and fleweth 
Minutes, Seconds, &c. 


Watch part. Clock part. 


9090 10080 
8076 | 10)65 
98960—48)48—60(72 12 pins 
7)56 9) 54 { — 8)52 
— 5)60 double hoop. 
3⁰ 5050 


Here the third wheel is the pin - wheel; which alſo 
carrieth the pinion of report 8, driving the count- 
wheel 52. | 
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A Sevenmonth-Piece, with Turns, Pendulum, and Motions, 


| | & before. 
Watch. Clock. 
| | 8)60 5506 
j\ 8)56 8)88—27)12 
(41 848 | 89964—16 pins 
tl 6)45—48)48—6)72 6)48 double hoop 
| n 504 6)48 

| | z 30 | 


8 
= — Cit, oc AS. 
— — 


A Year- 
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4 Year Piece of 384 Days; with Turns, Pendulums, and 
Motions, as before. k 


Watch, Clock. 
12)108 _ 10) 120 
9072 "att 8)96—36)g 
8)64 6)78.20 pins 
8)60—48) 48—6)72 6)72 double hoop 
7)56 6)60 

30 


If you had rather have the pinion of report on the 
ſpindle of the pin-wheel, it muſt be 13)39. 


A Piece of 30 Hours, Pendulum about 6 Inches, 


Watch, Clock. 
12)48 | $)48 | 
6)78 6)78 13 pins 
6)60 6)60 : 

604 6048 
15 | | 
A 30 Hour-Piece, to ſwing Seconds, 

Watch part. | Clock part. 
6) 90 6078 13 pins 
6)72 | * 6)54 
e 7749 

30 

Refuating Work, 


LET A be a piece of braſs cut down in twelve ſpiral 
ſteps, in form of a ſnail (from whence it takes its name) 
as in the figure; let this be fixed on the ſocket of the 
hour-wheel; and BG LF the rack, with 14 teeth, turn- x, 1 
ing on its center L, having a ſpring H to force the end F 


upon 
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upon the ſteps of the ſnail A, when at liberty. The pin 
at I in the motion-wheel, takes hold of the lifting-piece 
DMK; and the end K, in riſing, lifts up the hook C, 
which lies in the teeth of the rack, and riſes until the 
teeth are diſengaged from it; the end F then falts 
down, and ftops againſt the ſteps of the ſnail A, which 
in the figute is at two o'clock, 


The arbor of the third or gathering-wheel m (fig. 2.) 
comes thro” the plate on which the pallet Em (fig. 1.) 
is fixed; a turn of which anſwering to one ſtroke of 

the hammer, gathers the rack up one tooth : 12 ſteps 
of the ſnail anſwer 12 teeth in the rack ; and when the 
gathering pallet E m, has taken as many teeth in the 
rack as the number of the hour, the end E of the pallet 
ſtops againſt a pin in the rack at G, and is there at reſt 
until the hook C is again lifted out of the teeth by the 


lifting- piece, as before. 


When the hook C is lifted out of the teeth of the 
rack, the clock would {trike continually, as the hook 
* being out of the teeth, prevents the rack being ga- 
thered up; but that the end K of the lifting- piece has 
a ſmall arm which goes through the plate, and a pin in 
the wheel n, which tops againſt it in ſuch a manner, 
that when the lifting-piece is ſuffered to fall by the 
| ; * pin I, having gone paſt the pin in the rim of the wheel 
1 | n, it isclear of the arm at the end of the lifting-piece K ; 
i the wheel being then at liberty, the clock ſtrikes until 
1 the gathering pallet E ſtops againſt the pin of the rack 
1 at G, as before. By putting a ſmall ſtring to the top- 
end of the ſpring 8, to come thro' the caſe, it may be 
made to ſtrike the laſt hour at any time, except when 
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A: brief Deſcriſition of the Solar Syſtem. 


T H E Sun, with the planets and comets which move plate xIx. 


A round him as their center, conſtitute the ſolar 
ſyſtem. Thoſe planets which are near the Sun, nat only 
finiſh-their circuits ſooner, but likewiſe move faſter in 
their reſpectiye orbits, than thoſe which are more re- 
mote from him. . Their motions are all performed from 
welt to caſt, in orbits nearly circular. Their names, 
diſtances, bulks, and Periodical reyolutions, are as fol 
low : — 


The Sun, an immenſe globe of fire, is placed near 
the common center of all the planets, and turns round 
his axis in 25 days 6 hours, as I evident by the motion 
of ſpots ſeen on his ſurface; which have often been 
remarked to keep this time before they diſappeared. 
His diameter is computed to be 763, ooo miles: all pla- 
nets ſeen from him move the ſame way, and according 

to the order of the ſigns in the graduated circle, Aries, 
Taurus, Gemini, Cancer, &c, which repreſent the 
great ecliptie in the heavens; but as ſeen from any one 
planet, the reſt appear ſometimes to go backward, and 
ſometimes forward, and ſometimes to ſtand Kill, not in 
circles or ellipſes, but in looped de which never 
return into themſelves. 

No. XIX. Qq | Mercury, 
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Mercury. 


| | i Venus. 
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Mercury, the neareſt planet to the Sun, goes round 
him in 87 days 23 hours of our time nearly; whict'is | 
the length of his year. But being ſeldom ſeen, and no 
fpots appearing upon his ſurface or diſk, the time of his 
rotation on his axis, or the length of his days and 
nights, are as yet unknown. His diſtance from the Sun 
is computed to be 32,000,000 of miles, and his diame- 
ter 2,600. In his courſe round the Sun, he moves at the 
rate of 95,000 miles every hour. His light and heat from 
the Sun are almoſt ſeven times as great as ours; and the 
Sun appears to him near ſeven times as large as to us. 


His orbit is inclined ſeven degrees to the ecliptie; and 
that node from which he aſcends northward above the 
ecliptic, is in the 14th degree of Taurus; the oppoſite 
in the 14th degree of Scorpio. The Earth is in theſe 
points on the 6th of November and 4th of May, new 


- ſtile; and when Mercury comes to either of his nodes, 


when he is between the Earth and Sun in the nearer part 
of his orbit, he will appear to paſs over the diſk or tace 
of the ſun, like a dark round ſpot ; but in all other parts 
of his orbit, his conjunCtions are inviſible, becauſe he 
either goes above or below the Sun, 


According to Mr. Whiſton, he will appear on the 
Sun's diſk in 1789, Dec. 6th, at zh. 55m. in the after- 
noon; and in 1799, May jth, at 2h. 34m. in the after- 
noon, There will be ſeveral intermediate tranſits, but 


none of them viſible in this latitude. 


Venus, the next planet in order, is computed to be 59 


millions of miles from the Sun:? and by moving at the 


rate 


USEFUL KNOWLEDGE. 


rate of 69,000 miles every hour in her orbit, ſhe goes 
round the Sun in 224 days 17 hours of our time nearly ; 
in which, tho” it be the full length of her year, ſhe has 
only nine days one quarter, according to the beſt ob- 
ſervations; ſo that, to her, every day and night toge- 
ther, is as 24 1-3d days and nights with us. This odd 


1-4th of a day in every year, makes every fourth year 


to Venus, as the like does to our Earth, Her diameter 
is 7,906 miles; and, by her diurnal motion, the inha- 
bitants about her equator are carried 43 miles eyery 
hour, beſides the 69,000 aboye mentioned, 


Venus's orbit is inclined 34 degrees to the Earth's, 
and croſſes it in the 14th degree of Gemini and of Sa- 


gittarius, 


The axis of Venus is inclined 75 degrees to the axis 
of her orbit; which is 514 degrees more than the Earth's 
axis is inclined to the axis of the ecliptic ;.and therefore 
her ſeaſons vary much more than ours do. The north 
pole of her axis inclines toward the 2oth degree of 
Aquarius; the Earth's to the beginning of Cancer; 
conſequently the northern parts of Venus have ſummer 
in the ſigns where thoſe of the Earth have winter, and 
vice verſa, 


As her annual revolution contains only 94 of her 
days, the Sun will always appear to go thro' a whole 
ſign, or 12th part of her orbit, in little more than three 
quarters of her natural day, or RO in 134 of our 
days and nights, 


She ſhews the ſame appearances to us regularly every 


eight years; her conjunctions, elongations, and times of 


Qq 2 | riſing 
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riſing and ſetting, being very nearly the fame o the 
ſame days as before. - 


The Earth | is the next planet above Venus in the 
ſyſtem. It is 82,000,c00 of iniles from the ſun; and goes 
found him in 265 days 5 hours 49 minutes, from ay 
Equinox of ſolſtice to the ſame agiin'; but from any 
fixed ftar to the fame again, as ſeen from the Sun, in 
365 days & hours andg minutes; the former being the 
length of the tropical year, and the latter the length of 
the ſydereal. It travels at the rate of 58,000 miles every 
hour; which motion, tho' 120 times ſwifter than that 
of a cannon-ball, is little more than half as ſwift as 
Mercury's motion in his orbit. The Earth's diameter 
is 7,970 miles; and by turning round its axis every 24 
howrs from weſt to eaſt, it cauſes an apparent diurnal 
mot ion of all the heavenly bodies from eaſt to weſt. By 
this rapid motion of the earth on its axis, the inhabit- 
ants about the equator are carried 13042 miles every, 
hour; while thoſe on the parallel of London are carried 
only about 580, beſides the 58,000 miles by the annual 

motion above mentioned; which is common to all 
places whatever. The Earth's axis makes an angle of 
232 degrees with the axis of its orbit; and keeps nearly 
the ſame oblique direction, inclining towards the ſame 
fixed ſtars throughout its annual courſe, which cauſes 
the return of ſpring, ſummer, autumn, and winter, 


Earth. 


The Moon is not a planet, but only a ſatellite or at- 
tendant of the Earth, going round the Earth from 
change to change, in 29 days 12 hours and 44 minutes; 
and round the Sun with it every year. The Moon's di- 
ameter is 2,180 miles; and her diſtance from the 
Earth's center 24, oro. She goes round her orbit in 27 

days 


Noon. 
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days 7 hours 43 minutes, moving about 2,290 miles 
every hour; and turns roumd her axis exactly in the 


time that ſhe goes round the earth; which is the reaſon 


of her keeping always the ſame ſide towards us; and 
that her day and night Weds is as long as our lunar 
month. | 775 


The Moon is an opaque globe, like the Earth, and 
ſhines only by reflecting the light of the Sun; there- 
fore, whilſt that half of ker which is towards the Sun is 
enlightened, the other half muſt be dark and inviſible. 


Hence, ſhe diſappears when ſhe comes between us and 


the Sun, becauſe her dark fide is then towards us. 


When ſhe is gone a little forward, we fee a little of her 


enlightened fide; which ſtill increaſes to our view as 
ſhe advances forward, until ſne comes to be oppoſite to 
the Sun, and then her whole enlightened fide is towards. 
the Earth; and the appeats with a round illominated 
orb, which we call the Full Moon ; her dark ſide being; 
chen turned away from the Eartb. From the full, ſhe 
ſeems to decreaſe gradually as he goes through the 
other half of her coutſe; ſhewing us leſs and leſs of her 
enlightened fide every day, till her next change or con— 
junction with the ſun; then ſhe diſappears, as before. 


This continual change of the Moon's phaſes demon- 
ſtrates, that ſhe ſhines not by any light of her own ; 
for if ſhe did, being globular, we ſhould always ſee her 
with a round full orb, like the Sun. She has very little. 
difference of ſeaſons, her axis being almoſt perpendicu- 
lar to the ecliptic, What is very ſingular, one Halt of 
her has no darkneſs at all; the Earth conſtantly affotd- 
ing it a ſtrong light in the Sun's abſence; while the 
other half has a fortnight's darkneſs and a fortnight's 
light, by turns. 

The 
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Mars. 
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The Earth is a moon to the Moon, waxing and wan- 
ing regularly, but appearing thirteen times as big, and 
affordint her thirteen times as much light as ſhe does 
to us. When ſhe changes to us, the Earth appears full 


to her; and when ſhe is in her firſt quarter to us, the 


Earth is in its third quarter to her, and vice ver/a, 


ut from one half of the Moon the Earth is never 
ſeen at all: from the middle of the other half it is al- 
ways ſeen over head; turning round almoſt thirty times 
as quick as the Moon does. From the circle which li- 
mits our view of the Moon, only one half of the Earth's 
ſide next her is ſeen; the other half being hid below 
the horizon of all places on that circle, To her the 
Earth ſeems the biggeſt body in the univerſe; for it ap- 
pears 13 times as big as ſhe does to us. Her orbit 
croſles the ecliptic in two oppoſite points, called the 
Moon's Nodes; ſo that one half of her orbit is above 


the ecliptic, and the other below it. The angle of ob- 


liquity is 55 degrees: as the Earth turns round its axis} 


the ſeveral continents, ſeas, and iſlands, appear to the 


Moon's inhabitants like ſo many ſpots of different 
forms and brightneſs, moving over its ſurface ; but 
much fainter at ſome times than others, as our clouds 
cover them or leave them. By theſe ſpots the Luna- 
rians can determine the time of the Earth's diurnal 
motion. juſt as we do the motion of the Sun: and per- 
haps they meaſure their time by the motion of the 
Earth's ſpots; for they cannot have a truer dial, 


The planet Mars is next in order, being the firſt 
above the Earth's orbit : his diſtance from the Sun is 
computed to be 125,000,000 of miles; and he moves 
at the rate of 47,000 miles every hour: he goes round 

| the 
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Sun in 686 of our days and 2 3 hours; which is the 
length of his year, and contains 6674 of his days; every 
day and night together being 40 minutes longer than 


with us. His diameter is 4,444 miles; and by his diur- 


nal rotation, the inhabitants about his equator are car- 
ried 556 miles every hour. His quantity of light and 
heat is equal but to one half of ours; and the Sun ap- 
pears but balf as big to him as to us. 


This loner being but a fafth part ſo big as the WY 
if any moon attends him ſhe muſt be very ſmall; and 
has not yet been diſcovered by our beſt teleſcopes. He 
is of a fiery red colour; and, by his appulſes to ſome of 
the fixed ſtars, ſeems to be encompaſſed by a very groſs 
atmoſphere, He appears ſometimes gibbous, but never 
horned ; which both ſhews that his orbit includes the 
Eatth within it, and that he ſhines not by hjs own light. 


To Mars, the Earth and Moon appear like two 
moons, a bigger and a leſs, changing places with 6ne 
another, and appearing ſometimes horned, ſometimes 
half or three quarters illuminated, but never full; nor 
at moſt above one quarter ofa degree from each other, 
altho' they are 240,000 miles aſunder. 


The Earth appears almoſt as big to Mars as Venus 
does to us; and at Mars it is never feen above 48 de- 
grees from the Sun. Sometimes it appears to paſs over 
the diſk of the Sun; and ſo do Mercury and Venus; 
but Mercury can never be ſeen from Mars by ſuch 
eyes as ours, unaſſiſted by proper inſtruments; and 
Venus will be as ſeldom ſeen as we fee Mercury: Jupi- 
ter and Saturn are as viſible to Mars as to us. His axis 
is perpendicular to the ecliptic, and his orbit is two 
degrees inclined to it. 


Jupiter, 
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Jupiter, 


His belts 
and ſpots, 


He has no 
change of 
ſeaſons. 
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Jupiter, the biggeſt of all the planets, is ſtill higher in 
the ſyſtem, being about 426,000,000 of miles from the 
Sun; and going at the rate of 25,000 miles every hoy 
in his orbit, finiſhes his annual period in eleven of our 
years 314 days and 12 hours. He is above 1000 times 


as big as the Earth, for his diameter is 81,000 miles, 


which is more * ten times the diameter of the Earth · 


Jupiter turns round his axis in 9 hours 56 minutes, 
ſo that his year contains 10,470 days; and the diurnal 
velocity of his equatorial parts is greater than the ſwift- 
neſs with which he moves in his annũal orbit: a ſing u- 
lar circumſtance, as far as we know. By thts prodigious 
quick rotation, his equatorial inhabitants ate carried 
25,920 miles every hour (which is 920 miſes an hour 
more than an inhabitant of this Earth's equator moves 
in 24 hours) beſides the 25,0c0 above mentioned, which 
is common to all his, furface, by his annual motion. 


| Jupiter is ſurrounded by faint ſubſtances, called Belts, 


in which fo many changes appear, that they are gene- 
rally thought to be clouds: for ſome of them have been 
firſt interrupted and broken, and then have vaniſhed 
entirely, They have ſometimes been obſerved of dif- 
ferent breadths, and afterwards have become nearly all 
of the ſame breadth. Large ſpots have been ſeen in theſe 
belts; and when a belt vaniſhes, the contiguous ſpots 
diſappear with it, 


The axis of Jupiter is ſo nearly perpendicular to his 
ot bit, that he has no ſenſible change of ſeaſons: which is 
a great adyantage, and wiſely ordered by the Author of 


Nature; for if this planet's axis was inclined any con- 
ſiderable 
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fiderable number of degrees, juſt ſo many degrees round 
each pole would in their turn be almoſt fix of our years 


together in darkneſs, And, as each degree of a great 


circle on Jupiter contains 706 of our miles at a mean 
rate, it is eaſy to judge what vaſt tracts of land would 


be rendered uninhabitable by any conſiderable inclina- 


tion of his axis. . 


The ſun appears but 1- 28th part ſo q to Jupiter as 
to us; and his light and heat are in the ſame ſmall pro- 


portion, but compenſated hy the quick returns thereof, 


and by four moons (ſome bigger and ſome leſs than our 
earth) which revolve about him; ſo that there is ſcarce 
any part of this huge planet but what is during the whole 
night enlightened by one or more of theſe moons, ex- 
cept his poles, whence only the- fartheſt moons can be 
ſeen, and where their light is not wanted, becauſe the 
ſun conſtantly circulates in or near the horizon, and is 
very probably kept in view of both poles by the refrac- 


tion of Jupiter's atmoſphere ; which, if it be like ours, 
has certainly refractive power enough for that purpoſe, | 


The orbits of theſe moons are repreſented in this 
| ſcheme of the ſolar ſyſtem by four ſmall circles on Jupi- 
ter's orbit; but they are drawn fifty times too large in 
proportion to it, The firſt moon, or that neareſt to Ju- 
piter, goes round him in 1 day 18 hours and 36 minutes 
of our time; and is 229 thouſand miles diſtant from his 
center: The ſecond performs its revolution in three 
days 13 hours and 15 minutes, .at 364 thouſand miles 
diſtance : The third in 7 days 3 hours and 59 minutes, 


at the diftance of 580 thouſand miles: And the fourth, 


or outermoſt, in 16 days 18 hours and 30 minutes, at 
the diſtance of one million of miles from his center, 


No. XX. | Ke l Jupiter's 


but has 
four moons. 


Their pe- 
riods round 
Jupiter. 
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Two grand 
diſcoveries 
made by the 
eclipſe of 
Jupiter's 
moons. . 
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The place 
of his nodes 


Saturn, 
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Jupiter's three neareſt moons fall into his ſhadow, 
and are eclipſed in every revolution: but the orbit of 
the fourth moon is ſo much inclined, that it paſſeth by 
its oppoſition to, Jupiter, without falling i into his ſhadow, 
two years in every fix. By theſe eclipſes, aſtronomers 
have not only. diſcovered chat the ſun's light takes up 
eight minutes of time in coming to us, but they have 
alſo determined the longitudes of places on this earth 
with greater certainty and facility, than by any other 
method yet known. 


4 8 4 


Jupiter's orbit is 1 degree 20 minutes inclined to the 


ecliptic. His north node is in the th degree of Cancer, 
and his ſouth node in the 7th degree of Capricorn, 


1 next in order, i is about +80,000,000 of miles 
from the ſun ; and travelling at the rate of 18,000 miles 
every hour, performs its annual circuit in 29 years 
167 days and 5 hours of our time; which makes only 


one year to that planet. Its diameter is 67,000 miles; 


and therefore it is near 600 times as big as the earth, 


His ring, 


This planet 1s ſurrounded by a, thin broad ring, as 
an artificial globe is by a horizon. The ring appears 


double when ſeen through a good teleſcope. It is in- 
clined 30 degrees to the ecliptic, and 1s about 21,000 
miles in breadth : which is equal to its diſtance from 
Saturn on all ſides. There is reaſon to believe that 
the ring turns round its axis, becauſe, when it is almoſt 
_ edgewite to us, it appears ſomewhat thicker on one fide 
of the planet than on the other; and the thickeſt edge 


has been ſeen on different fides at different times, 
But Saturn having no viſible ſpots on his body, where- 
by to determine the time of his turning round his axis, 


the 


4 
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the length. of his days and nights, and the poſition of 
his ann are unk now 40 us at preſent. 


To Saturn, the ſun appears only 1-goth part ſo big as His 2 
to us; and the light and heat he receives from the ſuinn 
are in the ſame proportion to ours, But to compenſate 
for the ſmall quantity of ſun-light, he has five moons, 
all going round him on the outfide of his ring, and 
nearly in the ſame plane with it, The firſt, and neareſt 
moon to Saturn, goes round him in one day 21 hours 
19 minutes; and is 140, ooo miles from his center. The 
ſecond, in 2 days 17 hours 40 minutes; at the diſtance 
ot 185,000 miles, The third, in 4 days 10 hours 25 
minutes; at 263,000 miles diſtance, The fourth, in 
15 days 22 hours 41 minutes; at the diſtance of 600,000 
miles. And the fifth, or outermoſt, at 1,800,000 miles 
from Saturn's center, goes round him in 72 days 7 hours 
48 minutes. Their orbits, in the ſcheme of the ſolar 
ſyſtem, are repreſented by the five ſmall circles on Sa- 
turn's orbit; but theſe, like the orbits of the other ſa- 
tellites, are drawn fifty times too large in proportion 
to the orbits of their primary planets. 


This ring, ſeen from Saturn, appears like a vaſt lu- How the 
minous arch in the heavens, as if it did not belong to 1 
the planet. When we ſee the ring moſt open, its ſna- * to us. 
dow upon the planet is broadeſt: and from that time 

the ſhadow grows narrower, as the ring appears to do 

to us; until, by Saturn's annual motion, the ſun comes 

to the plane of the ring, or even with its edge; which 

being then directed towards us, becomes inviſible on 

account of its thinneſs. The ring diſappears twice in Ia what 
every annual revolution of Saturn, namely, when he is pins 


in the 39th degree both of Piſces and of Virgo, And ole his 
Rr2 when 


what ſigns it 
appears 
moſt open 
to us. 


Places of 
* Saturn's 
nodes, 


Georgium 
Sidus. 
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when Saturn is in the middle between theſe points, or 
in the 19th degree either of Gemini or of Sagittarius, 


his ring appears moſt open to us; and then its longeſt 
diameter 1 is to its ſhorteſt, as 9 to 4. 


The oibie off Saturn is 24 degrees inclined to the 
ecliptic, or orbit of our earth, and interſeQs it in the 


21ſt degree of Cancer and of Capricorn; ſo that Saturn's 


nodes are only 14 degrees from Jupiter's, 


On the 1 3th day of March, 1781, between the hours 
of ten and twelve at night, as Dr. Herſchell, the Aſtro- 


nomer Royal, at Windſor, was attempting to diſcover 


the parallax of the ſtars, by means of double, triple, 


and guadryple | fixed ſtars, he diſcovered a new planet, 


8 ff ft 


belonging t to our ſyſtem, as he was examining the {mall 
ſtars near the feet of Gemini, which he named Geor- 
gium Sidus, in, honour to our preſent Sovereign. It is 
ſeldom | to be Teen yery plainly, by the naked eye: it is 
nearly the colour of Jupiter, or ſomewhat paler and 
more faint; and its apparent diameter about 4. ſeconds, 


* 


5 By the calculation of M. De la Lande, we are told that 


his diſtance from the ſun is 19 times farther than the 


earth is; and its Ivy: is 4 omg times that of the 
cartiv's. 1 * | * TAIT, 3715 „ 5 0 


It is highly 
probable 
that all the 
lanets are 
inhabited. 
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H n noge t tO N 
_ r perſon 1 50 as oh adn wo W the. ell. 
tems-of moons. together which. belong to Jupiter and Sa- 
turn, muſt be amazed at the vaſt magnitude of theſe two 
planets, and the noble attendance they have in reſpect of 
our little earth: and can never bring himſelf to think that 
an infinitely wiſe Creator ſhould diſpoſe of all his animals 
and vegetables here, leaving the other planets bare and deſ- 


titute of rational creatures. To ſuppoſe that he had any 
view 
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view to our benefits in creating theſe moons, and giving 
them their motions round Jupiter and Saturn; to ima- 
gine that he intended theſe vaſt hodies for any advantage 
to us, when he well knew that they could never be ſeen but 
by a few aſtronomers peeping through teleſcopes; and 
that he gave to the planets regular r returns of days and 


nights, and different ſeaſons to all where they would be 


convenient, but of no manner of ſervice to us, except 
only what immediately regards our own planet the 
earth; to imagine, I ſay, that he did all this on our ac- 
count, would be charging him 1mpiouſly with having 
done much in vain; and as abſurd, as to imagine that he 
has created a little ſun and a planetary ſyſtem within the 
{hell of our earth, and intended them for our uſe. Theſe 
conſiderations amount to little leſs than a poſitive propf 
that all the planets are inhabited: fox if, they a are not, why 
all this care in furniſhing them with ſo many moons, to 
ſupply thoſe with light . P10 are at che greatex diſtances 
from the ſun? Do we not ſee; that the fatther A platet is 
from the ſun, the greater apparatus it has for that pur- 
poſe? ſave only Mars, which being but a ſmall planet, 
may have moons too ſmall to be ſeen by us: and Geop- 


gium Sidus being at too great a diſtance for us to atzain ' 


any knowledge x his moons. We know that the,carth 
goes round the ſun, and turns round its own axis, 40,prg- 
duce the viciflitudesof ſummer and winter by the former, 


and of day and night by the latter motion, for, therbene-' 
fit of its inhabitants. May we not then fairly,canclude, 
by parity, of reaſon, that the end and deſign of all the 


other planets is the ſame? And is not this agreeable.to 
the beautiful harmony which exiſts throughout the uni- 
verſe? Surely it is; and raiſes in us the moſt magni- 
ficent ideas of the Supreme Being, who is everywhere, 
and at all times preſent, diſplaying his power, wiſdom, 

and 
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and gobanels among All his creatiires ! ! and diſtributing 
happneſs' to innumerable Tank? of Various beings! 1 


2 02 g 

288 210.0171 2 iS ** n a 

*Atronciniea Qafatens etplaind.- 
Y Afi | EY a ; Y wy * Sagittary 
Taurus m Virgo I Capricorn 
1 Gemini 12 Libra Ie Aquarius 
S Cancer n Scorpia * Piſces. 
b Saturn * Mea 'v Her ſouth 
Jupiter * Luna node 
& Mars Moon) & Tellus, Terra, 
© Sol (the Sun)] Moon's north] or the Earth 


2 _—_ 15 | node 


7 FP 


E Onnen when the planets are in the ſame fig, 
deg. min. Ke. 


* VERT when 2 * dit, & Trine when 4 figns diſt, 
o Quartile when 3 12 8 Oppoſition when 6 figns 


.. „155 


5 n Men 5 ſatellite is Sluminated by the ſun ; 


and caſts à ſhadow towards that point of the heaven 
which is oppoſite to the ſun. This ſhadow is nothing 

but a privation of light in the ſpace hid from the ſun 
by the opaque body that intercepts his rays. 


b | 


When the ſun's light ĩs ſointercepted by the moon, that 
to any place of the earth the ſun appears partly or wholly 
covered, he is ſaid to undergo an eclipſe; tho”, properly 
ſpeaking, it is only an eclipſe of that part of the earth 
where the moon's ſhadow or penumbra falls. When the 


earth comes between the ſun and moon, the moon falls 


into 
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into the earth's ſhadow ; and having no light of her own, 
ſhe ſuffers a real eclipſe from the interception of the 
ſun's rays. When the ſun is eclipſed to us, the moon's 
inhabitants on the fide next the earth (if any ſuch there 
be) ſee her ſhadow. like à dark ſpot travelling over the 
earth, about twice as faſt as its equatorial parts move, 
and the ſame way as they move. When the moon is 
in an eclipſe, the ſun appears eclipſed to her, total to all 
thoſe parts on which therearth's ſhadow falls, 8 of as 
long continuanee as they : are ip the ſhadow. 


If the earth and ſun were equally big, the earth's We- 
dow would be infinitely extended, and all of the ſame 
bulk ; and the planet Marg, in either of its nodes, and 
oppoſite to the ſun, would be eclipſed in the earth's ſha- 
dow. Were the earth bigger than the ſung its ſhadow 
would increaſe in bulk the farther it extended, and 
would eclipſe the great planets Jupiter and Saturn, 
with all their moons, when they were oppoſite” to the 


ſun. But as Mars in oppoſition never falls into the. 


earth's ſhadow, although he is not then above 42 mil- 
lions of miles from the earth, it is plain that the earth 
is much leſs than the ſun; for otherwiſe its ſhadow could 
not end in a point at ſoſmall a diſtance. If the ſun and 
moon were equally big, the moon's ſhadow would go on 
to the earth with an equal breadth, and cover a portion of 
the earth's ſurface more than 2000 miles broad, even if it 
fell directly againſt the earth's center, as ſcen from the 
moon; and much more if it fell obliquely on the earth: 
but the moon's ſhadow is ſeldom 150 miles broad at the 
earth, unleſs when it falls very obliquely on the earth, 
in total eclipſes of the ſun. In annular eclipſes, the 
moon's real ſhadow ends in a point at ſome diſtance from 
the earth. The moon's ſmall diſtance from the earth, and 
the ſhortneſs of her ſhadow, prove her to be leſs than the 

ſan, 
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ſun, And as the earth's ſhadow is large enough to 
cover the moon, if her diameter were three times as 
large as it is (which is evident from her long continu- 
ance in the ſhadow when ſhe goes through its center) it 
is plain; that the earth is much bigger than the moon. 


If the moon's orbit where coincident with the plane of 
the ecliptic, in which the earth always moves and the ſun 
appears tg move, the moon's ſhadow would fall upon the 
earth at every change, and eclipſe the ſun to ſome parts 
of the earth. In like manner the moon would go thro? 
the middle of the earth's ſhadow, and be eclipſed at every 
full; but with this difference, that ſhe would be totally 
darkened for above an hour and an half; whereas the 
jun never was above four minutes totally eclipſed by the 
interpoſition of the moon; But one half of the moon's 
orbit is elevated 5 1-3d degrees above the ecliptic, and 
the other half as much depreſſed below it; conſequently, 
the moon's orbit interſects the eclipticiin two oppoſite 
points, called the moon's nodes, as has Been already ta- 


ken notice of. When theſe points are in a right line 


with the center of the ſun at new or full moon, the ſun, 
moon, and earth are all in a right line; and if the moon 
be then new, her ſhadow falls upon the earth ; if full, 

the earth's ſhadow falls upon her. When the ſun and 
moon are more than 17 degrees from either of the nodes 
at the time of conjunction, the moon is then generally too 
high or too low in her orbit to caſt any part of her ſha- 
dow-upon the earth, And when the ſun is more than 
12 degrees from either of the nodes at the time of full 
moon, the moon is generally too high or too low in her 
orbit to go through any part of the earth's ſhadow: and 
in both theſe caſes there will be no eclipſe. But when 


the moon is leſs than 17 degrees from either node at the 
time 


XX 


Plate 
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time of conjunCtion, her ſhadow or penumbra falls more 
or leſs upon the earth as ſhe is more or leſs: witin this 
limit. This admits of ſome variation; for, in apogeal 
eclipſes, the ſolar limit ãs but 16 1-half degrees; and 


3'3 


in perigeal eclipſes it ia 18 1-3. When-the full moon | 


is in her apogee, ſhe will be eclipſed if ſhe be within 
10'1-half degrees of the node; and when ſhe'is full in 
her perigee, ſhe will be eclipſed if ſne be within 12 

1-30th degrees of the node. And when' ſhe is leſs than 
12 degrees from either node at the time of oppo- 
fition; ſhe goes through a, greater or leſs portion of the 
earth's ſhadow as ſhe is more or leſs within this mit; 
Her orbit contains 360 degrees; of which 19, the limit 
of ſolar eclipſes on either ſide of the nodes, and 12 tha 
limit of lunat eclipſes, are but ſmall portions: and as 
the ſun commonly paſſes by the nodes but twice in 


a year, it is no wondet that we have ſo many ne wand 


full movhs mxbout. os . 1 he tee 380 jt 


Te. Hufirae 7 bs A Þ C D be the D R 8 
T.Ua circle lying in the ſame, plane with the ecliptic, 


and VW XV, the moon's orbit, all thrown. into an 


oblique view, which gives them an elliptical ſhape to 
the eye. One half the, moon's orbit, as VW X, is al- 
ways below the ecliptic, and the other half X Y V 
above it, The points V and X, where the moon's 
orbit interſects the cirele RS TV, which lies even 
with the ecliptic, ; are the moon's nodes; and the right 
line, as X E V, drawn from one fide to the other thro? 
the earth's center, is called the line of the nodes; which 
is carried almoſt parallel to itſelf round to the a in A 
year, 


Ik. u moon cds nnd the Eg in the orbit 
RS T U which is coincident with the plane of the 
No. XX. Sf ecliptic, 


Line of the 
nodes. * 
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ecliptic; her ſhadow: would fall upon the earth every 
time ſht ivinxonmunction with the ſun; and at every. 
oppoſition ſhe would go through ther earth's ſhadomwi 
Were this the caſe, the: ſun wouldibe eclipſed at every 
change, and the moon t kulhi as ieee WN 
Nt 2; | 50 211 11 it Dq: iv. ot; 75 104 Hf 21 
r Bui althoughi che ond hade N ld fall upon the 
carth at a, when: the earth isat E, and the moon in con- 
jun ion with the ſun at i, becaufe ſhe is then very near 
dne of her nodes 3 and at her oppoſition n ſne muſt go 
through the earth's ſhadow I, becauſe ſhe is then near 
the other node 3; yet, in the time that ſhe goes ruf tha 


| earth ta her next change, according to the order of the 


tetters X V VW, the earth advances from E to e, ac» 
eording to the order of tlie letters EFG H; and the 
lines of the nodes V E X being carried nearly parallel 
to itſelf, brings the pcint f of che moonꝰs orbit in con- 
junction with the ſun at the next change; and then the 
moon being at f, is too high above the eclipſe to caſt 
ker ſhadow on che eatth: and as the earth is ſtill mov- 
ing forward, tie moon at her next oppoſition will be at g, 
too far below chẽ ecliptie to go through any part of the 
earth's ſhidow; for by that time the point g will be at A 


| conſiderable diftance fromm the en as ſee from the fort, 


3 8 14110: it 


| When the 1 10 comes to F, Pk moon in boat 
with the ſun Z is not at K, in a plane coincident with 
the ecliptic, but aboye i it at V. i in the higheſt part of her 
orbit: and then the Point b ck her ſhadow O goes far 
above the earth, as in fig: 2, Which is an edge-view af 
fig. 1. The moon at her next oppoſition is not at o, 
fig. 1, but at W, where the earth's ſhadow goes far 
above her, as in fig. 4. In both theſe caſes the line of 
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the nodes VF X, fig. 1, 1s:abouttrgo>degirees nom ithe 
ſun, and both luminaries are as far as d are from the 
limits of eclipſes, bib 


„* 


When the earth has gone half round the ocliptie a . 
from E to G, the line of the nodes VG X is nearly, if : 
not exactly, directed towards the ſun at Z; and then 
the new moon I caſts her ſhadow P on the earth G; and 
the full moon p goes through the (earth's ſhadow L; 
which brings on e again, as when the earth was 
at E. ee £12 6 


When the earth comes to H, the new moon falls not 
at m in a plane coincident with the ecliptic C.D, but 
at W in her orbit below it: and then her ſhadow Q 
fig. 2, goes far below the earth. At the next full ſhe 
1s Not at q, fig. 1, but at V in her orbit $ 1-34 degrees 
above q; and at her greateſt height above the ecliptic 
15 D; being then as far as pofſible. at any oppoſition, 
from the carth's ſhadow M, as in fig. 1 


So when the earth is at E and G, the moon is about 
her nodes at new and full; and in her greateſt north and 
ſouth declination (6r Fatituds, as it is generally called) 
from the ecliptic at her quarters: : but when the earth ts 
at For H, the moon is in her greateſt north and ſouth 
declinatioh from the ecliptie at new and het full, and 
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_ ,t ie ; "4 

The a X te iis moon's orbit eroſſes the ecliptic, he mov. 

is called the:aſcending node, becauſe the moon/aſcenits 8 
from above the ecliptie t and the oppoſite point of ſcending 
interſeſbon Vi is called the deſcending node, becauſe the © 
moon deſcends from it below the 'ecliptic. When the Her north 
Want at V, in che higheſt point of her orbit, ſhe is — 
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The nodes 
have a re- 


trograde 
motion; 


which 
drings on 
the eclipſes 
faoner every 
year than 
they would 
be if the 
nodes had 
not ſuch a 
motion. 
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in her greateſt north latitude; and when ſhe is at W, 
in the loweſt point of her orbit, ſhe is in her r deres 
ſouth latitude, | | 


17 the line of nodes, like the earth's axis, was carried 
parallel to itſelf rouna the ſun, there would be juſt half 
a year between the conjunctions of the ſun and nodes. 
But the nodes ſhift backward, or contrary to the earth's 
annual motion, 19 1-third degrees every year; and 
therefore the ſame node comes round the ſun 19 days 
ſooner every year than on the year before. Conſe- 
quentiy, from the time that the aſcending node X (when 
the earth is at E) paſſes by the ſun as ſeen from the eꝶth, 
it is only 173 days (not half a year) till the deſcending 
node V paſſes him. Therefore, in whatever time of 
the year we have eclipſes of the luminaries about either 
node, we may be ſure, that in 17 3 days afterward, we 
ſhall have cclipſes about the other node. And whenat any 
time of the year the line of the nodes is in the fituation 
V G X, at the fame time next year it will he in the ſi- 
tuation r Gs; the aſcending node having gone back- 
ward, i. e. contrary to the order of figns, from X tos, and 
the deſcending node from V to r; each 19 1- 3d degrees. 
At this rate the nodes ſhift through all the ſigns and 
degrees of the ecliptic in 18 years and 225 days; in 
which time there would always be a regular period of 
eclipſes, if any complete number of lunations were 
finiſhed without a fraction. But this never happens; 
for if both the ſun and moon ſhould ſtart from a line 


of conjuction with either of the nodes in any point of 


the ecliptic, the ſun would perform 18 annual gevolu- 


tions and 222 degrees over andfabove, and the moon 


230 lunations and 85 degrees of che agſt, by the time 
the node came round to the ſame point of the ecliptic 


again; 
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again; fo that the ſun would then e:eq8idegrees from 
the node, and the moon 85 degrees from the fun. on 
bf 4 

But, in 223 mean Mi after the ſun, moon, and A period of 
nodes, have been once in a line of conjunction, they re- * 
turn ſo nearly to the ſame ſtate again, as that the ſame 
node, which was in conjunction with the ſun and moon 
at the beginning of the firſt of theſe lunations, will be 
within 28 degrees 12 ſeconds of a degree of a line of 
conjunction with the ſun and moon again, when the 
laſt of theſe lunations is completed, And therefore, 
in that time, there will be a regular period of eclipſes, 
or returns of the ſame eclipſe, for many ages. 


on the UNIVERSE. 
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HIS wide F298 the univerſe INE | 
With how: much {kill is each apartment 3 
The ſun a globe of fire, a glowing maſo, * 
Hotter than melting flint or fluid gas. 
Of chis wu ſy ſtem holds the middle place. 


Mevcuey, whe neareſt to the central un; fe 
Does in oval drbit circling run; eee og 
But rarely is che object of our Goht: : both 20.048 


In ſolar: = glory mo 2 eee light. 
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As well the dewy eve as op'ning morn, 


Does in her orb in beauteous order turn. 

The. Globe Terreſtrial next, with ſlanting poles, 

And all its pond'rous load unweary'd rolls. 

Mars next in order, farther᷑ from the oy | 
Does in à more ex tenſive orbit rh, oo WW 
Then we behold bright planetary Jove, U 
Sublime in ſpace, thro' his wide province move; 
Four ſecond planets his dominion own, | 

And round him turn, as round the earth the moon. 
Saturn revolving in a higher ſphere, ' * 
Is by five moons attended thrò his year. een 


Venus the next, whoſe lovely beams adorn + + | | 


The vaſt dimenſion of his path, is found 
Five thouſand million Engliſh miles around. 


Then Georgium Sidus, fartheſt from the Sun, 
In boundleſs ſpace does round his orbit turn. 


Yet is this mighty ſyſtem, which contains 
So many worlds, ſuch vaſt æthereal planes, 
But one of thouſands which compoſe the whole ; 
Perhaps as glorious, and of worlds as full ! 
The ſtars which grace the high expanſion, bright, 
By their own beams and unprecarious light, _ 
Tho? ſome near neighbours ſeem, and ſome diſplay 1 
United luſtre in the milky way, 
At a vaſt diſtance from each other lie, 
Sever'd by ſpacious voids of liquid ſky, — 
All theſe illuſtrious worlds, and many more, 
Which by the tube aſtronomers diere 
And millions which the glaſs, cap wer deſcry, 
Loſt in the wilds of vaſt immenfity, 
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Are ſuns, are centers, whoſe ſuperior ſway, 
Planets of various magnitudes obey. 

If we with one clear comprehenſive ſight 
Saw all theſe ſyſtems, all theſe orbs of light; 
If we their order and dependence knew, 

Had all their motions and their ends in view, 
With all the comets which in either ſtray, 
Yet conſtant to their time and to their way, 
Would not this view convincing marks impart 
Of perfect wiſdom and ſtupendous art 
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. E "4 part a Ah Lats 
T which have :appeated on the ſubjects 
treated of in Miſcellaneous Articles, after 
having drawn their readers into much unne- 
ceſſary expence, have left them nearly in the 
ſame ſtate of ignorance as that in which they 
were found. 


This has ariſen partly from the obſcure 
and perplexed manner in which the ſubjects 
have been handled; and ſtill more from an- 
other cauſe, namely, That the authors them- 
ſelves were totally unacquainted with the 
practical part of the arts they wrote upon. 
Theory without experiment will ever be liable 


to error. To obviate theſe objections is the 


deſign and intention of this Work. Particular 
attention has been paid to render perfectly 
clear and eaſy every thing it contains; and 

| the 


ADVERTISEMENT. 


the Editor's own private experiments have 
repeatedly confirmed the truth of every thing 
it advances. 'The beſt authors have been con- 
fulted; und neither pains nor expence have 
been fpared to render the whole worthy the 
encouragement aud patronage of the public. 
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Of laying Gold uon White Earthen Mare. 


AKE japanners gold ſize of the beſt ſort one ounce, 
which keep in a bottle well corked; the ſame 
quantity of oil of turpentine, and a book of leaf- gold; 
then with two or three camel-hair pencils, you will be 
ready for the work. All theſe materials may be had at 
any principal colour · ſnop. 


Being thus provided with every thing neceſſary, pro- 
ceed to work after the following manner: 


I. Pour out of the gold ſize bottle, about a ſmall tea- 
ſpoonful into a ſhell, or cup, then with the pencil lay 
the ground of your deſign upon the pot; but obſerve 
to keep moiſtening the gold ſize gradually with the pen- 

eil out of the turpentine bottle; for the gold fize being 
expoſed to the open air, ſoon grows too thick for uſe. 
No, I. B A little 
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A little experience will make it quite eaſy to be under- 
ſtood. When the ground is laid according to the de- 
ſign, ſet the pot in a clean place to dry leifurely for the 
ſpace of one hour, then place it as near the fire as you 
can but juſt endure the heat with your hand for about 
four ſeconds of time. In this ſituation let it remain 
until, by preſſing your finger upon the ground, and tak- 
ing it ſuddenly off, it will give a ring, then lay the 
gold on (as directed below) and it will look like bur- 
niſhed gold; then with the pencil and gold fize touch 
the places you would have ſhadowed, and it is ready to 
be baked in an oven for two hours : after which it will 
bear waſhing, and continue bright many years. 


This experiment will ſucceed very well upon glaſſes 
which have figures or ornaments of any kind ground 
upon them; ſuch as decanters, pints, wine-glaſſes, &c. 
The proceſs of laying on the fize and gold, is the ſame 
as for pots; only obſerve, when you lay the gold on, not 
to preſs it too hard, for fear of breaking the glaſs, which 
I have ſometimes done before | was well acquainted with 
the preſſure it would bear ; for glaſs is exceeding tender 
when ground deep, Obſerve, when you lay the ſize on, 
that you do not daub it upon the poliſhed ſurface of the 
glaſs; if you do, the work will not look neat; for if 
the glaſs has a bad figure ground upon it, it will be im- 
poſſible for you to make any amendment. Be careful 
to lay the ſize on even, after which, put the glaſs in a 
tin oven before the fire, till by touching the ſize with 
your finger, and ſuddenly taking it off again, the veſlel 
will ring as before-mentioned, and then it is ready for 
lay ing on the gold; in doing of which, I have tried ſeve- 
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to your choice to follow which you like, or make fure 
ther improvement. | 


Firſt, I took a book of leaf gold, and laid it on the 

table,'then carefully took from the book one of the leaves 
of paper, and rubbed one fide of it upon my forchead, 
which gave it ſuch a clammy moiſture, that when I laid 
it upon the leaf of gold in the book, and gently ſtroked 
it over, the gold adhered to it, fo that 1 could cut it 
along with the paper into as narrow ſhreds as 1 pleaſed, 
for the ſtalks of flowers, &c. likewiſe into ſquares of 
every dimenſion; I then took ſuch pieces as ſuited me, 
and laid them upon the ſize (it being in proper order) 
and gave them a gentle preſſure with my finger, in or- 
der to faſten them until ſuch time as I threw the papers 
away, and gathered up a piece of cotton-wool, with 
which I preſſed them all over, continuing the ſame ope - 
rations until the whole was completed, then wiped off 
the ſuperfluous gold, and ſhadowed the ornaments in 
their proper places, putting it into an oven to bake two 
or three hours, and the work was finiſhed, 


I practiſed the above method for ſome time, but ex- 
perience ſoon convinced me that the face of the gold 
had not that bright luſtre which it ought to have had 
I therefore procured a cuſhion, and with a knife cut 
the gold to the dimenſions wanted, and with a piece of 
cotton-wool, took it from off the cuſhion, and laid it on 
the glaſs ; and this ſucceeded to my ſatisfaction. 


How to filver Looking-Glaſſes, 


IN order to go completely forward, you muſt be pre- 


pared with the following articles, VIZ, 
B2 1ſt, A 
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1ſt,” A ſquare marble ſlab, or ſmooth ſtone, well po- 
liſhed and ground exceeding true, the larger the better, 
with a frame roundiit, or à groove cut in its edges, to 
keep the ſuperfluous inercury from running off. 2d, 
Lead weights covered with cloth, to keep them from 
{cratching the glaſs, from 1 pound weight to 12 pounds 
each, according to the ſize of the glaſs which is laid 
down, zd. Rolls of tinfoil. 4th. Mercury, or quick- 
filver, with which you. ne be well provided, then 
Proceed as follows: 6 


Cut your tinfoil a little larger than your glaſs every 
way, and lay it flat upon the ſtone, and with a ſtraight 
piece of hard wood, about threee inches long, ſtroke it 
every way, that there be no creaſes or wrinkles in it, 
then drop a little mercury upon it, and with a piece of 
cotton-wool or hare's foot, ſpread it all over the foil, ſo 
that every part may be touched with the mercury, 
(Now here obſerve, that the marble ſlab be nearly level 
with the horizon) then pour on the mercury all over 
the foil, and cover it with a fine paper, and lay two 
weights very near its loweſt end or fide, to keep your 
glaſs ſteady, while you draw your paper from betwixt 
the filvered foil and the glaſs, which muſt be laid upon 
the paper. As you draw the paper, you muſt take care 
that no air-bubbles be left, for they will always appear 
if left in at the firſt; you muſt likewiſe be ſure to make 
the glaſs, as clean as poſlible c on the fide intended to be 
ſilyered, and have the paper alſo quite clean, otherwiſe 
when you have, drawn the papet from under it, dull 


\ . . 


white, freaks will appear, which a are very diſagreeable, 


Aftef the paper is drawn but, "Ou as many weights 
upon the glaſs a as you coyenitiitly' can, in order to preſs 
out the ſuperfluous mercury, and make the foil adhere to 
the - 
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the glaſs, When it has lain ſix or ſeven hours in this 
ſituation, raiſe the ſtone about two or three inches at its 
higheſt end, that as much of the, mercury may run off 
as poſſible ; let it remain two days before you venture 
to take it up; but before you take the weights off, gent- 
ly bruſh the edges of the glaſs, that no mereury may 
adhere to them; then take it up, and turn it directly 
over with its face fide downward, and raiſe it by de- 
grees, that the mercury may not drip off too ſuddenly ; 
for if when taken up it is immediately ſet perpendicu- 
lar, air will get in between the foil and the glaſs at the 
top, as the mercury deſcends to the bottom; by which 
means, if you be not exceedingly careful, your labour 
will be loſt. A very little practice, ſtrictly obſerving the 
above rules, will ſoon encourage the young artiſt to pur- 
ſue this pleaſing experiment with pleaſure and profit. 


Another method, and which I prefer, is to ſlide the 
glaſs over the foil without the affiſtance of paper, as 
directed for filvering meniſcus glaſſes. 


I would adviſe at the firſt, to begin with ſmall glaſſes, 
and ſo proceed to larger ones by degrees. 


To foilate Glaſs Globes. 


TAKE half an ounce of clean lead, and melt it with 
an equal weight of pure tin; then immediately add half 
an ounce of biſmuth, and carefully ſkim off the droſs, 
then remove the lead from the fire, and before the mix- | 
ture grows cold, add five ounces of mercury, and ftir i 
the whole well together; then put the fluid amalgam | 


into a clean glaſs, and it is fit for uſe, 
| When 


4 
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When this amalgam is uſed for foiling or ſilvering, 
let it firſt be ſtrained through a linen rag; then gently 
pour ſome ounces thereof into the globe intended to be 
foiled; the mixture ſhould be poured into the globe, by 
means of a glaſs or paper funnel, reaching almoſt to the 
bottom of the globe, to prevent its ſplaſhing to the ſides, 
then dexterouſly inclining (though very flowly) the 
globe every way, in order to faſten the ſilvering: when 
this is once done, let the globe reſt ſome koun} then 
repeat the operation till at length the fluid maſs is ſpread 
even, and fixed over the whole internal ſurface as it 
may be known to be by viewing the globe againſt the 
light; and then the ſuperfluous amalgam may be pour- 
ed out, and the outſide of the globe cleared, and the 
operation is ended. 


In this manner are made thoſe ſhining ſpherical 
globes, appearing like glaſſes filled with quickſilver, 
which we ſee hung up in parlours, near the ceiling, to 
invite the flies in ſummer from the windows, and other 
parts of the room, where they might prove more offen 
five, 


The operator has conſiderable adyantages, as it can 
be performed without heat; and is not attended with 
the danger of poiſonous fumes from arſenic, or other 
unwholeſome matters, uſually employed for this pur» 
poſe ; and how far it is applicable to the more commo- 
dious foiling of the common looking-glaſſes and other 
ſpeculums, may deſerve to be conſidered, ' I have tried 
it on ſeveral irregular ſurfaces, and it hr anſwered ex- 


ceeding well. 
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How to Alver the Conves Side of Meniſcus Glaſſes far | 


Mirrors, 


TAKE an earthen plate, on which pour ſome pre- 
pared plaſter of Paris, mixed with water, of a Proper 
conſiſtence; then immediately before it grows too, ſtiff, 
lay your meniſcus with its convex fide downward, in 
the middle of the plate, and preſs it until it lies quite 
cloſe to the plaſter; in which fituation let it remain un- 
til the plaſter becomes quite dry; after which, work a 
groove with your finger round the outſide of the me- 
niſcus, in order to let the ſuperfluous mercury reſt upon 
it; then cut the tinfoil to a proper ſiae, and preſi it 
with the meniſcus into the plaſter mould, in order to 
make it lie cloſe ; after which, cover it with the mer- 
cury, and without a paper (as direAed for filvering 
plain mirrors) ſlide it over the ſilvered foil; then place 
a weight on it, and let it ſtand two or three days, raiſ- 
ing it by degrees, that the mercury may drip off gradu- 
ally, and you will find it anſwer your expectation. 


Alfter this method, common window glaſs, &c, may 
be ſilvered. | 


Zo lay Paſier Prints on the inſide of Glaſs Globes. 


FIRST, cut off all the white part of your impreſſion, 
ſo that nothing appear but the print; then prepare ſome 
ſtrong gum arabic water, or fize, with which you muſt 
bruſh over the face ſide ; after which put it. into the 
globe, and with a long ſmall ſtick, on which a camel- 
hair pencil is fixed, ſtick it even on, and by this me- 
thod you may put what quantity of prints you pleaſe 

into 
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into the globe; let them dry about twelve hours, then 
pout ſotme prepared plaſter of Paris, either white or tin- 
ged, whatſoever colour you pleaſe, and turn the globe 
eaſily about, ſo that every part be covered, then pour 
out the ſuperfluous plaſter, and it is finiſhed, 


Haw to take a From Medals, bo c. in. Plaſter of 


Paris, 


AFTER having oiled the ſui face of your mould 
gently with a little cotton, or a camel-hair pencil dip- 
ped iti oil of olives, put a hoop of paper round it, ex- 
aftly to the thicknefs you would chufe your impreſſion 
to be made: then take ſome prepared plaſter of Paris 
in a tea<cup or baſon, according to the quantity want- 
ed to be at that time uſed, and ſome fair water, to the 
confiftence of a very thick cream, and with a bruſh rub 
over the ſurface of the mould, and immediately after- 
wards: make 1t to a ſufficient thickneſs; for rubbing the 
ſurface entirely prevents any air-holes from appearing 
on the impreſſion, Let it ſtand about half an hour, 
and it will in that time grow ſo hard, that you may 
very ſafely take it off; then pare it ſmooth on the 
back, and neatly round the edges, and it 1s done, It 
ſhould be dried,-if in cold or damp weather, before a 
briſk fire, In this operation, when you have made the 
impreſſions to a proper thickneſs, you ſhould, while 
they are wet in the moulds, ſprinkle them with ſome 
of the powder, which makes them conſiderably har- 
der, and dry ſooner. If you cover the face of che 
mould with fine plaſter, a coarſer ſort will do to fill it 


up with, and be a conſiderable ſaving ; but I would alſo 
adyiſe 
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adviſe you not to mix more plaſter at one tine than 
what you immediately want, becauſe it will be apt to 
thicken too ſoon, and ſa tht Tupeffinpus quantity will 


be loſt (until it be burnt again / and: go chro the fame: -. 
operation as hen at firſt” prepared) ;. foraddingavater'. - 
to it to thin it, will quite prevent it 1 | 


hard a ſecond time, without ACT 0 it afreſn. 


— 


To prepare a Plaſter Mouli, ſo hs to tab a Brimftane of Wer 5 
| Impreſſion from it. 


LET your plaſter- mould be quite re- dip it in 


the Wege mixture, vi... £ Hater 119.35; 


get ty goat 5 we: avis? 14 


Take half a pint ada linge ol. and ſpirit * 


turpentine one ounce; mix them, together in a.bottle,; 
when wanted, pour the mixtuxe into a plate r ſaucer, 
and dip the ſurface of our mould into it; take. your 


mould out again, and when it has ſucked, up the oilz 


dip it again. Repeat this till the oil begins to ſtagnate 
upon it; then take a little cotton wool, hard rolled ap 
to prevent the oil from ſtieking to it, and wipe it care- 


fully off: lay it in a dry place for a day,;or. two (if , 


longer the better) and the mould will. acquire: a, very 
hard ſurface from the effect of the oil. When uſed, it 
muſt be oiled with oil 1 olives in * ſame manner * 
before eee £99 nb is ble: a5 H btb 2 
M1 YO ns nein Th «1; | a 
How to cafl Brinftont; and ę ive it ; Ma bel. 
nn Din 2477 

TAKE ſome ſtone brit mftone, An it in an iron ladle 
over the fire, let it flame for about ive or fix didi, 

No. II. ws 9 1 8 1 


. . 
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then take it off, and with a piece of board extinguiſh - 
the flame, ' and let it cool alittle ſo as not to feel like 
glue, or run ropy, it is then proper for uſe ; and you 
may pour it into your mould, in which let it ſtand five 
or {ix minutes, and you may take it off; paxe-it as be- 
fore, and rub the ſurface of the, impreſſion over with 
ſome cotton and the beſt powder of black lead; which 
will give it a very fine metallic gloſs, 


How to make $ ulphur Red or Green, and caſt it in Moulds 
like Marble * 5 


TAKE two ounces of beſt clean iſtone brimſtone, 
and melt it ſlowly over a gentle fire, without letting it 
flame ; when it is melted add one ounce of vermillion, 
ſtir them well together, then pour the compoſition over 
the ſurface of your mould, and immediately pour it off 
again, and fill the mould up to a proper thickneſs with 
common brimftone ; let it ſtand the ſame time as be- 
fore mentioned, then pare and rub over the ſurface with 
fome clean cotton, which will give it a poliſh ; the more 

impreſſions you can make at once melting, the better, 
becauſe the brightneſs of the red fades the oftener it-is 
melted; It may be made green by uſing it in the ſawe 
manner, and by adding the ſame quantity of the beſt 
ſmalt inſtead of vermillion ; only it requires more ſtir- 
ring to mix it properly. It may alſo be made to imitate 
a beautiful marble, by mixing ſeveral colours ſeparate- 
ly, and made in ſmall ſquares of equal ſizes, which break 
into exact lengths, and diſpoſe them according to your 
fancy, endwiſe, in an iron frame that will open with a 
joint; after which, melt them together, and the colours 
will unite in a pleaſing manner, and each will appear diſ- 
tinct. When you melt it, be careful not to ſhake it, 

and let it cool by degrees. 
How 
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How to chuſe Plaſtn. 


IT is beſt to chuſe plaſter in ſtone, the fineſt and 
eleareſt parts only; for if you have it in powder, it is 
not to be depended on ſo well. Take great care that it 
may be very well burnt, and well pounded ; alſo very 
white, and ſifted through a fine tiffany ; then it may be 
laid up in a box for uſe, In London this precaution is 
unneceſſary, becauſe it may be procured good (accord- 
10g to the price) of the dealers in this article, 


F 
- 


Of colouring Plaſter. 


PLASTER of Paris may be tinged with ſeveral co- 
lours when you are caſting, by mixing it with Pruſſian 
blue, red lead, orpiment, &c, with which you may com- 
poſe a blue, red, yellow, and green; and it has a very 
good effect when the raiſed part is white, red, &c, and 


the ground of another colour, But it 1s to be obſerved, 


that the coloured impreſſions take a longer time in be- 
coming hard than when the plaſter is unmixed. But if 


you fift ſome plaſter upon the top of your caſt (when it 


happens to be a flat figure) it will ſet the ſooner, and 


the ſuperfluous part may be pared off when n 
dried, 


EE lay Mezzatinto Prints upon Claſi. 


PROVIDE a clear plate of glaſs, as ſtraight as poſ- 
ible, a little larger than the print, then ſteep)the print, 
flat way, in warm water about an hour, and with a thin 


knife, ſpread Venice turpentine, or varniſh, exceeding 
CY thin 


o 
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thin and even oyer one fide of the glaſs, which muſt be 
kept warm, that the turpentine may ſpread the better ; 
and obſerve that there be not the leaſt ſpeck of the glaſs 
uncovered with the turpentine : then take the print out 
of the water, and lay it on a ſmooth table between two 
cloths, or ſeveral folds of paper, in order to take out the 
ſuperfluous water. When this is done, lay the print on 
the glaſs by degrees, beginning at one end, and ſtroke 
outward that part which is faſtened to the glaſs, that no 
wind or water may lie betwixt, as it will cauſe bliſters; 
which you muſt be careful to ſtroke out. The print 
being laid upon the glaſs in the moſt exact manner, pro- 
ceed to rub it with your finger until all the thickneſs of 
the paper is come off in little rolls, and .nothing is left 
on the glaſs but a thin film, like a ſpider's web, that is 
faſt ſtuck to the glaſs by the turpentine, &c. great care 
muſt be taken in rubbing, that no holes are made in the 
print, eſpecially in the lights, which are the moſt tender 
parts, If the print be large, ſo that ſome parts of the 
paper become dry while you are rubbing the other, you 
ſhould, with a little water on your finger, wet them as 
you ſee occaſion, to keep them moiſt ; for the paper will 
not rub when dry. When you have rubbed the paper 
till it appears tranſparent on the back, ſet it up to dry 
for three or four hours; after which varniſh it over with 
turpentine or maſtic varniſh, two or three times, or till 
you ſee it tranſparent; and after it has WN a day or 
two to dry, proceed to . it. 


8 „bes proper for painting upon Glaſs, 


ARE beſt procured at colour-ſhops, prepared in little 
bladders on purpoſe, viz, flake white, lamp black, umber, 
vermillion, 


* 
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vermillion, maſticote, Pruſſian blue, verdigreaſe, &c. 
Ultrarmine (for blue) and carmine (for red) are beſt kept 


in powder, as being leaſt liable to waſte in that ſtate; 


and when wanted for uſe, a ſmall quantity may be mixed 
up with a drop or two of nut oil with your pallet knife, 


To get the colours out of the bladders, prick a ſmall 
hole near the bottom, and preſs it until you have enough 
for your preſent uſe, becauſe the colours are apt to dry 
and ſkim over, 


%. 


With theſe aut you may exactly imitate any co- 


lour whatſoever, by different ways and methods of mix- 
ing, according to your fancy. 


The Method of uſing the Colours, 


As the lights and ſhades of your print open, lay the 
lighter colours firſt, on the lighter parts of your print, 
and the darker over the ſhaded parts; and having once 
laid on the brighter colours, it is not material if the dark- 
er ſorts are laid a little over them; for the firſt colour 
will hide thoſe laid on afterwards. 


When any colours are too ſtrong, they may be light- 
ened to any degree by mixing white with them on your 
pallet; or you may darken them as much as you pleaſe, by 
mixing them with a deeper ſhade of the ſame colour. 


The colours. muſt not he laid on too thick; but if 
troubleſome, thin them before you uſe chem with a lit- 
tle oil of turpentine. 


Take 
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Tanke care to have a pencil for each colour; and ne- 
ver uſe that which you have uſed for green with any 
other colour, without firſt waſhing it well with oil of tur- 
pentine, as that colour is apt to appear predominant when 
the colours are dry. 


- 


Waſh all the pencils after uſing, in oil of turpentine, 


71 weſt a Pk very fine for Colours, 


YOU muſt have fouror five 1 wine glaſſes byy you, 
and two or three quarts of clear water. Fill one of your 
glaſſes with it, and put in half an ounce of the colour 
you intend to waſh ; ſtir it well about with a knife, and 
permit it to ſtand about ten ſeconds of time, in order 
to let the gritty parts ſettle to the bottom before you 
pour it into another glaſs, in which let it remain until 
the next day, when it will be quite ſettled, then pour 
off the water, and the powder will be left very fine, 
which dry, and paper up for uſe ; but ſome powders 
will require a longer time to ſettle, therefore muſt be 
treated accordingly, 


To make the beſt drying Oil. 


MIX a little lytharge of gold with linſeed oil, boil it 
over a ſlow fire, but not too much, leſt it ſnould prove 
cover thick, and be unſerviceable. 


To make Turpentine Varniſh for the above Prints, 


PUT one ounce of Venice turpentine in an earthen 


pot, place it over a flow fire, and when it is diſſolved, 
add 
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add two ounces of oil of turpentine ; as ſoon as they boil 
take off the pot, and when the varniſh is cool, keep it 
in a-glaſs bottle; this and all other varniſhes ought to 
be ſtopped cloſeup, and well ſecured from the air, With 
this you may varniſh prints on glaſs or other things, to 
render them tranſparent : if the varniſh ſhould be too 
thick, you may thin it with the addition of a little oil 
of turpentine if too thin, add a little more Venice tur» 
pentine. 


To make Maſtic Varniſh for the above Prints. 


TAKE two ounces of the cleareſt gum maſtic you can 
chooſe, powder it finely, and put it in a bottle with fix 
ounces, of oil of turpentine, ſtop the bottle cloſe, and 
ſhake them well together till they are well incorporated, 


Then hang the bottle in a veſſel of boiling water for 


half an hour, during which ſhake it three or four times; 
if you would have it ſtronger let it boil a quarter of an 


hour more, and it will be fit for uſe, 


If it ſhould not happen to ſuit your convenience to 
mix and prepare the colours, varniſhes, &c. yourſelf, 
they may be had ready for uſe at the . in any 
. 


2. 


Inſtructions for the Improvement of Youth in the Art of. Drawing. 


AS the. art of . a is not only an innocent and 
uſeful amuſement for youth, but a qualification highly 


expedient; if not abſolutely neceſſary; to render the ſtu- 


dy and practice of it eaſy and entertaining, will be ei 
tcemed an acceptable ſervice to the public. 
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Not that this or any other book of the like nature 


(however correct) 1s a ſufficient guide of itſelf; for this 


accompliſhment (like other arts) can never be perfectly 


acquired without patience and induſtry. 


The young praCtitioner muſt be brought forwards by 
proper gradations : the outlines of a figure muſt be his 
firſt care (as the platform muſt be firſt laid, before the 
building can be erected); and he muſt be content to copy 
parts of objects before he indulges his curioſity too far, 
and makes the leaſt attempt at a finiſhed piece, But 
what he will find here, carefully obſerved, will be the 
beſt direction for his future progreſs. | 

He muſt not be too hot or eager after new tranſitions 
from one place to another, but muſt dwell upon each, 
and never begin a ſecond till he has in ſome meaſure 
made himſelf maſter of the firſt. UM 


He muſt further (if he is curious, and aims at any de- 
gree of perfection) be very ſlow in his firſt operations. 
Haſte ſeldom produces any thing beautiful or correct; 
and ill habits, when once contracted, are the moſt diffi- 
cult things in nature to be removed. 


He cannot look too often on his original; and the 
length, breadth, and ſimilitude of each object hefore him 
will require his utmoſt attention and obſervance. And 
when once he is able, by care and application, to touch 
up a piece with any tolerable beauty, practice in a ſhort 
time will make him expeditious, and render his labours 
advantageous and delightful, | [ 


Implements 
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Implements neceſſary for Drawing, 


THE implements neceſſary for drawing are com- 
paſſes, charcoal, ruler, black and red lead pencils, pen- 
knife, port crayons, black, white, and red chalk, cray- 
ons, Indian ink, crow-quill pens, camel-hair pencils, 
fitches, paper of ſeveral ſorts, &c. 


Charcoal is to be choſen of ſallow wood, ſplit into the 
form of pencils, ſharpened to a point; its uſe is to draw 
lightly the defign over at firſt, that if any part be amiſs, 
it may be wiped out and amended. Feathers ought to 
be of a duck's wing, on account of their ſtiffneſs (though 
others may ſerve well enough) with which you may 
wipe out any ſtroke of the charcoal where it is drawn 
amiſs, leſt variety of lines breed confuſion. Black and 
red lead pencils are to go over your draught the ſecond 
time more exactly, becauſe the lead will not wipe out 
with your hand when you come to draw with the pen. 
Pens made of raven or crow-quills (but others may 
ſerve) are to finiſh the work : here you muſt be very 
careful and exact, for what is now done amiſs cannot be 
altered, Rulers are to draw ſtraight or perpendicular 
lines, triangles, ſquares, or polygons, which you are to 
uſe in the beginning, till practice and experience may 
render them needleſs. Compaſſes with ſteel points, to 
take in and out, that you may uſe black or red lead at 
pleaſure ;z their uſe is firſt to meaſure (by help of a ſcale 
of equal parts upon the edge of your ruler) your propor- 
tions, and whether your work which 1s done with the 
charcoal is exact; alſo to draw circles, oyals, arches, 
&c, | 
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Of the Precepts of Drawing in general. 


HAVING all the neceſſaries above- mentioned in rea- 
dineſs, it will be good to practiſe, as much as may be, 
without the help of your rule and compaſſes: it is your 
eye and fancy that ought to judge, without artificial 
meaſurings. | 

1. The firſt practice of drawing begins with plain 
geometrical figures; as lines, angles, triangles, quadran- 
gles, polygons, arches, citcles, ovals, cones, cylinders, 
and the like; for theſe are the foundation of drawing. 
The circle aſſiſts in all orbicular forms; as in the ſun, 
moon, &c, : the oval in giving a juſt proportion to the 
face and mouth, the mouth of a pot or well, the foot 
of a glaſs, &c.: the ſquare confines the picture you are to 
copy, &c.: the triangle in the half face: the polygon in 
ground-plans, fortifications, &c.: angles and arches in 
perſpective: the cone 4n ſpires, tops of towers, and ſtee- 
ples: the cylinder in columns, pillars, pilaſters, and their 
ornaments. Having made your hand fit and ready in 
moſt general proportions, learn to give every object its 
due ſhade according to its convexity or concavity, and 
to elevate or depreſs the ſame as the object appears 
either nearer or farther off the light; which is indeed 
the life of the work, 


2. The ſecond practice conſiſts in forming fruits ; as 
apples, pears, cherries, peaches, grapes, ſtrawberries, 
with their leaves, &c.: the imitation of flowers; as roſes, 
tulips, carnations, &c,: herbs; as thyme, hyflop, &c.: 
trees; as oak, fir, aſh, walnut, &c, 


3. The third practice imitates, 1. Beaſts; as the lion, 
horſe, elephant, leopard, dog, &c. 2. Fowls; as the eagle, 
a ſwan, 


MISCELLANEOUS ARTICLES. 9 


an, parrot, partridge, dove, raven, &c. 3. Fiſhes ; as 
the whale, herring, pike, carp, lobſter, crab, &c. of which 
varicty of prints may be bought at reaſonable rates, 


4. The fourth practice imitates the body of a man 
with all its lineaments; the head, noſe, eyes, ears, cheeks, 
hands, arms, and ſhadows, all exactly proportionable 
both to the whole and to another, as well in ſituation 
as magnitude, 


5. The fifth practice is in drapery, imitating clothing, 
and artificially ſetting off the outward coverings, habit 
and ornaments of the body; as cloth, ſtuff, ſilk, and li- 
nen, with their natural and proper folds ; which though 
it may ſeem ſomething hard to do, yet exerciſe and imi- 
tation of the choiceft prints will make it eaſy. 


In drawing all the foregoing fornis, or whatever elſe, 
you muſt be perfect; firſt in the exact proportion; ſe- 
condly, in the general or outward lines, before you fall 
to ſhadowing or trimming your work within. In mixed 
and uncertain forms, where the circle and ſquare will do 
no good, as 1n lions, horſes, &c, you muſt work by your 
own judgment, and ſo obtain the true proportion by daily 
practice: thus, having the ſhape of the thing in your 
mind, firſt draw it rudely with charcoal, and more ex- 
actly with your lead pencil; and then peruſe it well, 
and conſider where you have erred, and mend it accord- 
ing to the idea which you carry in your mind; this done, 
view it again, correcting by degrees the other parts, even 
to the leaſt jot, ſo far as your judgment will inform you. 
Having done what you can, compare it with ſome ex- 
Da : cellent 
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cellent pattern or print of the like kind, uſing neither 
rulenor compaſs, but your own reaſon, in mending every 
fault, giving every thing its due place and juſt propor- 
tion: by this means you may rectify all your errors, and 
Rep an incredible way on to perfection. 


Having good patterns and copies to draw by, the 
young artiſt muſt learn to alter them to other propor- 
tions, either greater or leſs ; and this by many trials, as 
ſhall be taught hereafter more particularly, 


Let the young artiſt now begin to exerciſe in drawing 
after the life (for that is the completeſt, beſt, and moſt 
perfect copy which nature has ſet for, obſervation) 
wherein the liberty of imitation 1s preſented in the 
largeft latitude ; this will be attained by much practice 
and diligent exerciſe; but there ought to be a perfection 
jn drawing before there can be the leaſt thoughts of co- 
lours or painting; for all things belonging to theſe will 
(in a ſhort time) be eaſily and perfectly underſtood, 


Of particular Obſervations in the Art of Drawing. 


IN drawing after a print or picture, put it in ſuch'n 
light that the gloſs of the colours may not hinder your 
ſight, but ſo as that the light and your eye may both 
fall obliquely upon your piece; which place at ſuch a 
diſtance, that at opening your eyes, you may view 
it all at once; the greater your picture is, the farther 
off you muſt place it to draw after : which, ſet be- 
fore you a little reclining. Then obſerve the middle 
of your picture to be copied, which touch. upon your 
paper with the point of your charcoal : obſerve like- 
wiſe the moſt perſpicuous and uppermoſt figures (if 

More 
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more than one) which touch gently, in their proper 
places; thus running over the whole draught, you will 
ſee the ſkeleton,'as it were, of the work, 


But if you go on without conſidering whereunto your 
work will tend, you will be forced to draw the ſame ma- 
ny times over, and to as little purpoſe, if you are not 
exceeding careful; by which means your ingenuity may 
be dulled, and you decline all further progreſs. 


Take particular care of obtaining a right and true 
draught, and do not be uneaſy becauſe you cannot go 
quickly forward; for what you think may be done in 
two or three hours, it will be better to beſtow two or 
three days upon: by this means (though you act lei- 
ſurely, yet you will act more prudently) and you will 
both ſooner and better attain the perfection of what you 
deſire, 


We ſhall now proceed to the leſſons, in regard to which 
the learner is here particularly deſired to perfect himſelf 
in the practice of the firſt, in its ſeveral branches, before 
he attempts the ſecond; and in the ſecond, before he 
meddles withthe third; not endeavouring to become maſ- 
ter of the whole at once, which will only ſerve to perplex 
his ideas and make him grow weary in purſuit of what he 
will neyer by this means be likely to attain j whereas, 
by proceeding gradually from one leſſon to another, in 
the order they here ſtand, the rules will be found much 
more eaſy and practicable, and conſequently the ſtudy 
infinitely more vleaſing and engaging, 


LESSON 
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. LESSON I. 


Of Drawing the Introductory Lines, with the Features and 
Limbs ſeparately, 


FIRST endeavour to imitate perpendicular or upright 
lines, and then horizontal or parallel lines, but without 
uſing the ruler ; if care be taken, a few examples of this 
fort will do. When you can do this well, proceed to 
the curved lines, obſerving carefully their different incli- 
nations; and when you can with eaſe perform theſe, pro- 
ceed to draw the outlines of the features of a human face; 
as the eyes, noſe, mouth, and ears; and from them tothe 
limbs or parts of the body, as the arms, hands, legs, feet, 
&c. they muſt be but faintly ſketched, ſo as to be eaſily 
rubbed down with bread or Indian rubber, in order to 
make the neceſſary alterations before finiſning. 


LESSON I. 
Of Profiles and Ovals, 


HAVING become maſter of the former, you may 
then, and not before, attempt the profile orfide-tace, be- 
ing very careful to obſerve the proportion of the ſeveral 
parts to eachother; after this the full or oval face, obſerv- 
ing till the bearings of every feature with reſpect to the 


reſt, and keeping the proportions as exact as poſſible, Di- 
vide the eye ſeen in the front into three parts; the cen- 
ter is the ſize of the ſight, and the proper opening of the 
eye, which 1s one third of its length, The eye in pro- 

file 
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file is half the fize of the eye in front, having only one 
part and an half. The noſe ſeen in front is in width the 
length of the eye; and in profile has the ſame dimenſion. 


See Plate I. 


The noſtril is in height one-third of the width of the 
noſe, After proceeding with great care in the above, 
you may "Ou the outhne of the body, 


LESSON III. 


Of whole Figares, with the Proportions and Dimer;/ions of the 


Human Body, 


IF on examination you find yourſelf acquainted with, 
and can eaſily imitate the different features and parts of 


the body, you may then begin the figure in the follow- - 


ing manner : ſketch the whole very lightly with your 


pencil or charcoal, then examine'the proportion of the 


different parts, rubbing down with Indian rubber, and 


altering where neceſſary; when you have brought it as 
near as poſſible to your original, proceed to finiſh the fi- 


gure with the crow-quill pen and Indian ink, begin- 
ning with the head, next the ſhoulders, then the body, 
after which the arms and hands, then the hips, legs, 


and feet, taking care to correct in the finiſhing any errors 


in the pencil ſketch, the remains of which will be eaſily 
rubbed out with Indian rubber. Uſe no compaſſes till 


after a very minute inſpection with the eye, and then if 


the fault cannot be diſcovered, a proper application of 
them to the copy and original, will greatly aſſiſt the pupil 
in perfecting this branch. 


"I | The 


1 
1 
4 
' 
. F 
1 
1 
: 
» 
+ 
: 
F 
rn 
; * 
n 
* 
4 - 
FI - 
du 2 
o ”Y 
", : 
= 
® +: 
F 
of . 
4 of 
4 : . 
s = > 
— # 
N 1 > F 
TS I 
* 2 
$ : : x 
'F 
F 0 | o 
d 1 
1 6 
- 
$1 
- * 
4 - 
: ” 


& * MISCELLANEOUS ARTICLES, 


The Proportions and Dimenſions of the "ſeveral Parts of tha 
; Human Body. | 


' THE beſt method of aſcertaining theſe, is to raiſe a 
perpendicular on the place you intend for the middle df 
the figure, and divide it into heads, and from ſuch, 
menſuration form a ſcale, to regulate the proper diſtan- 
ces from any one part of the body to another: but as it 
has been more commonto divide the figure in ten parts, 
an example of both theſe, together with the following 
rules for the illuſtration of each reſpectively, are given. 


The Proportion of the Human Body divided into Eight Heads, 
: See Plate II. | 


THE length of the head (or firſt diviſion of the fi- 
gure) is from the crown or top of the head to the bottom 
of the chin. A line ruled through the ſecond divifion 
will directly croſs the paps of the breaſts, The third 
divifion will fall a little above the navel. The fourth 
acroſs the privities, which is exactly the middle of the 
figure. The fifth croſſes the middle of the thigh. The 
fixth 1s juſt below the bend of the knee. The ſeventh. 
falls a little below the calf of the leg. And the eighth | 
extends to the bottom of the heel. Obſerve, that when 
the arms are extended at full length in a direct line, the 
full extent from the end of the middle finger of the right 
hand to that of the left, is exactly the length of the 
figure: from the middle of the collar- bone to the end 
of the middle finger, is juſt four heads, viz. the firſt to 
the bend of the ſhoulder, the ſecond to the elbow, the 
third to the wriſt, and the fourth to the finger's end. 


Nom 


| 
| 


Fairs, 


— 
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From ſhoulder to ſhoulder, in a man of common ſize, 
meaſures exactly two heads: there can be no preciſe 
ſtandard for the breadth of the limbs, which vary ac- 
cording to the bulk of the perſons and the movement of 
the muſcles, 


The Proportion of the Human Body, divided into Ten H. ads. 
See Plate II. 


The firſt of theſe divifious extends from the crown of 
the head to the under lip: the ſecond, a little below the 
collar- bone; and a line drawn through this part of the 
figure, will paſs over the middle of the ſhoulder: the 
third diviſion will make a line juft below the paps of 
the breaft : the fourth, will reach juſt below the navel: 
the fifth, which is the middle of the figure, directly 
acroſs the privities : the fixth will paſs over the middle 
of the thighs : the ſeventh crofles the bend of the knee: 
the eighth, directly through the calves of the legs: the 
ninth reaches half way from the calf to the bottom of 
the heel, which determines the tenth and laſt diviſion of 
the figure, 


As the pupil will find the foregoing rules of infinite 
advantage, it will be again neceſſary to adviſe him to 
make due application, till it become ſtrongly impreffed 
on his mind, and they will enable him to judge of the pro- 
ductions of nature in the formation of the human body; 
but it is indiſpenfibly neceſſary that the pupil ſhould 
have ſome knowledge in anatomy, it being the funda- 
mental part of the defign, which enables him to difco-- 
yer the beauties of the antique; it would therefore be 
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neceſſary to recommend the ſtudent to pay ſome atten- 


tion to it, as ſo much of it as is neceflary for draftſmen 


is very eaſily attained, 


LESSON IV, 
Of Drapery. 


HAVING drawn the outline of the figure you want 
to clothe, faintly with charcoal, whiſking out the faulty 
part with a feather, till the figure appear in the attitude 
and proportion of the. original; ſketch the outline of 
your drapery lightly with the ſeveral folds, remember- 
ing that they muſt not croſs each other. Due regard 
muſt likewiſe be paid to the quality of the drapery, as 
ſtuffs and woollen cloth are more harſh than filk, which 
is always flowing and eaſy, Remember that the drapery 
muſt not ſtick too cloſe to the body, but let it ſeem to 
flow eaſy about it, and yet appear ſo that the motion of 
the figure be free and natural, Be careful that the dra- 
pery, ſuppoſed to be blown by a breeze of wind all flow 
one way, and draw the parts next the body before thoſe 
which fly off, The garments muſt always bend with 


the figure; and if you make the drapery almoſt cloſe to 


the body, the ſmaller muſt be the folds ; and if quite 
cloſe, there muft be no folds but only a faint ſhadow, 
to repreſent that part of the body which it coyers. The 
ſtudent ſhould take every opportunity to improve in 
this uſeful branch, by remarking the folds as they ap- 
pear in the drapery of gentlemen and ladies, according 
to the ſeveral poſitions, By following this unerring rule 
of nature, the learner will greatly heighten his own 
ideas, and ſoon attain perfection. 


Thus 
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Thus far might ſerve to give the young draftſman a 
general idea of drapery ; but that he may not be at a 
loſs in perfecting himſelf in this art, a few more general 
inſtructions may not be unneceſſary, 


1. Be careful to avoid overcharging your figure 
with a ſuperfluity of drapery, 2, Let as much of the 
form of the body as poſſible be ſhewn underneath it. 
3. When the draperies are large, throw them into as 
many folds as you can, and let theie be large and grace- 
ful. 4. On the contrary, let thoſe which are cloſe to the 
body be looſened by ſmall folds judiciouſly placed; it 
will be the means of ayoiding that ſtiffneſs which, for 
want of this caution, appears when the drapery is made 
to ſit too ſtrait, and makes the figure ſeem as if wrapped 
round with a bandage, inſtead of being gracefully 
clothed, 5. When much drapery is required, let the 
greater part, if poſſible, be thrown into ſhadow, 6. Ob- 
ſerve that the folds which fall in the light muſt have 
ſuch ſoft and tender ſhadows as may make them fit hol- 
low from the body, and not ſeem to girt too cloſely to it. 
7. Let the folds be properly contraſted, and avoid ftrait 
lines as much as poſſible, 8. A judicious repetition of 
folds in a circular form, greatly contributes to charac- 
terize a fore-ſhortened limb. . In fixed attitudes let 
the drapery appear motionleſs, unleſs expoſed to air. 
But the drapery of figures moving with great agility, 
ſhould ſeem to play as if agitated by the wind, but in 
proportion only to the velocity of the figures in motion, 

To conclude this part of the ſubje& with one ufeful 
caution, viz, Let the pupil be careful how he ſtudies 


ſtatues, and remember that the beſt of them are only 
E 2 memorials 
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memorials of thoſe great artiſts, whoſe lives were ſpent 
in endeavouring to expreſs their own idea of perfection, 
which varied according to the different. taſte of each, 
and the nature of the materials upon which they 
wrought: and let it likewiſe be remembered, that there 
is a ſtiffneſs which ſhould be ſtudiouſly avoided in a 
copy, even though a correct one, made after the fineſt 
ſtatue, which will never convey an idea but that of a 
ſtatue; whereas there is ſuch a freedom obſervable in 
the imitations of nature, as evidently diſtinguiſhes them 
from thoſe taken either from marble or plaſter. 


LESSON V. 
- HAVING outlined the folds, and the other parts of 


drapery, you may next attempt the ſhadowing your 


figure, obſerving the following method: 


Shadow the drawing with the pencil or pen; in which 
great care is required. Firſt, obſerve from which fide. 
the light comes in; which, if natural, ought to be from 
the right or left; for when the light comes in the mid- 
dle, it is called an artificial light, as proceeding from 
ſome artificial Iuminary, as a candle, lamp, &, Lay 
your ſhades rather faint at firſt, that you may heighten 
them at pleaſure where neceſſary. | 


Remember that your ſhades muſt be all on the ſame 
fide of the figure; that is to ſay, if the right fide of the 
face be in ſhade, ſo muſt the ſame fide of the body, arm,' 


leg, &c. Your ſhades muſt be faint as they approach 
: $7" nn 
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the light, the ſtrength gradually decreafing towards the 
extremities, to prevent a harſh appearance, 


A piece of paper or glove-leather, rolled hard and 
cut almoſt to a point, like a pencil, is uſeful (if you 
ſhade with the pencil, red chalk, or crayons) to blend 
the ſhades, and ſoften them into each other; as alſo 
where they appear too ſtrong, to weaken them. By 
examining nature you will improve your ideas in light 
and ſhade as well as in outlines, and be enabled to form 
a right judgment of the truth of your drawing. Indian 
ink may be prepared for a few different ſhades, by rub- 
bing it more or leſs in water on a marble ſtone, cut in 
hollows for that purpoſe, reſerving one of the hollows 
for the water. 


To take a perſef? Draught of a Pickure. 


1. TAKE a ſheet of the fineſt white paper you can 
get, wet it over with clean linſeed oil on one fide, and 
wipe the oil off again as clean as you can, then let it 
ſtand and dry, otherwiſe it will ſpoil a printed picture 
by the ſoaking through of the oil, Having thus pre- 
pared your paper, lay it on any printed or painted pic- 
ture, and you may ſee perfectly through it; then with 
a black lead pencil you may copy with eaſe any picture 
on the oiled paper, then put it upon a ſheet of clean 
white paper, and with a little pointed tracer or burniſher 
go over your ftrokes which you drew upon the oiled 
paper, and you ſhall have the ſame very neatly and ex- 


'atly drawn upon the white paper, 


2. HAVING 
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per, and pin it upon a ſheet of white paper, and prick 

over the drawing with a pin, then take it off and lay 

the white paper upon the thing you would draw, and 

duſt it over with charcoal-duſt tied looſely in a rag, and 

it will leave a true copy of your original, which you 

| may touch up with a black lead pencil ; the pricked 

Þ# paper will laſt you longer, and likewiſe be more com- 

plete, if it was varniſhed over and made perfectly dry 
before you prick it, | 


| 
2, HAVING drawn the p cture, take the oiled pa- 
| 


3. TAKE a piece of fine paper, as above, and bruſh 
it over with oil of turpentine, it will immediately be- 
come tranſparent, and may be uſed without loſs of 
time in drying. It ſhould not be prepared before it is 
wanted, becauſe as it dries it loſes its tranſparency, 


J. TAKE a ſheet of fine white paper and rub it over 
on one fide with black lead, or elſe with vermillion, 
tempered with a little freſh butter; lay the coloured 
ſide upon a ſheet of white paper, and lay the picture 
you would copy out upon the other fide of the coloured 
paper, and with a ſinall pointed tracer go over all the 
ſtrokes of your picture, and the ſtrokes will be drawn on 
the white paper. | 


5. TAKE a piece of white lantern-horn, and lay jt 
upon your picture, then with a hard-nibbed pen and ink 
draw the ſtrokes of your picture upon the horn; when 
It is dry, breathe upon the horn in order to moiſten the 
ink, then preſs it hard on a piece of white paper a little 
wetted, and the picture you drew upon the horn will 
appear upon the paper. You may reverſe your picture 

by drawing over the other fide, 
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6. LAY a paper print upon a bright glaſs window, 
with the back-fide of the print upon the window, then 
lay a clean paper upon the print, and draw the out- 
ſtrokes upon the paper, which you may viſibly ſee, it 
being ſet up againſt the light; and by this method you 
may ſhadow it as fine and as exact as you pleaſe, 


To make Camp Paper, with which a Perſon may write or 
draw without Pen, Ink, or Pencil, 


TAKE ſome hard ſoap, mix it with lamp black, 
make it into the conſiſtence of a jelly, with water; with 
this, bruſh over one fide of your paper, and let it dry: 
when you uſe it, put it between two ſheets of clean pa- 
per, with its black fide downward, and with a pin or 
ſtick, with a ſharp point, draw or write what you pleaſe 
upon the clean paper ; and where the tracer has touched, 
there will be the impreſſion upon the lowermoſt ſheet of 
paper, as if it had been written or drawn with a pen. 


It may be made of any colour, by mixing the ſoap 
with different colours, 


The Method of Enlarging and Contracting. 


DIVIDE your original with a pair of compaſſes into 
any number of ſquares, and rule them acroſs with a black 
lead pencil from fide to fide, and from top to bottom. 
Then having your paper of the ſize you intend, divide 
it into the ſame number of ſquares, either large or leſs, 


as you would enlarge or contract it, and place your ori- 
ginal 
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ginal before you, and draw ſquare by ſquare the ſeveral 
parts, obſerving to make the part you are drawing fall in 
the ſame part of the ſquares as it does in your original, 
To prevent miſtakes, number the ſquares both of the 
original and copy, as in Fig. 1 and 2, Plate I. then out- 
line it with Indian ink; rub out the marks of the pencil 
with bread, and ſhade it at * 


Though this is an ancient method, yet it is now 
much practiſed, and is of great help to painters in gee 
neral. 


The Method of Etching Copperplates. 


ETCHING is a manner of engraving on copper, 
wherein the lines or ſtrokes, inſtead of being cut with a 


tool or graver, are eaten in with aquafortis, 


Etching has ſeveral advantages over graving; 1ſt, Ay 
being done with more eaſe and expedition: 2d, As re- 
quiring fewer inſtruments: and, 3d, As repreſenting 
curious kinds of ſubjects better and more agreeable to 
nature; as landſcapes, ruins, grounds, and fmall, faint, 
looſe, remote objects, &c. 


Of the proper Inſtruments and Materials uſed in Etching, | 


THE principal inſtruments for etching are needles, 
oil-ſtone, bruſh-pencils, burniſher, ſcraper, compaſſes, 
ruler, tracer, and the frame: the materials are the hard 
and ſoft varniſh, prepared oil, and aquafortis. WET: 
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The needles are to be choſen of ſeveral ſizes, of a fine 


grain, and ſuch as will break without bending, Theſe 


are to be fixed in round ſticks, of firm wood, about fix 
inches in length, and the thickneſs of a large gooſe-quill: 
they are to ſtand out of the ſticks about a quarter of an 
inch, or ſomething better. Of theſe you ſhould have 
twenty at leaſt, which may be fixed in ſuch ſticks as to 
have a pencil at the other end. 


The uſe of the Gans. in fog ewig the 9 
which, if you would have the points round, muſt be 
whetted ſhort upon the ſtone, by turning them round; 
and if you would have them ſloping, they are firſt to be 
blunted upon the oil- ſtone, and then whetted ſloping on 
one fide only, till they come to aſhort and roundiſh oval. 


The bruſh pencil is to.cleanſe the work, wipe off duſt, 
and to ſtrike the colours even over the ground or var- 
niſh, when laid upon the plate. 


The burniſher is a piece of ſteel well hardened, ſome- 
what roundiſh at the end, for ſmoothing and giving a 
luſtre to the plate, 


The ſcraper is one of the inſtruments fitted for clear- 


ing the plate of all deeper ſcratches or ſtrokes which the 


burniſher will not take away. 


The chief uſe of the compaiſes is in meaſuring diſ- 
tances, or ſtriking circles, or ſome part or portion of 
them where you would have your work to be exact. 
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The ruler is uſed chiefly in drawing all the ftraight 
hatches or lines of the deſign upon the plate; or to 
mark out diſtances upon ſtraight lines, 


Thetracer1s uſed for drawing through all the outmoſt 
lines or circumferences of the print, pattern, or drawing, 
which is etching after. 


There are two methods of etching, viz, one with hard 
varniſh or ground, the other with ſoft. The hard was 
formerly much uſed, being better accommodated to the 
intention of imitating the engraving with the tool; as 
the firmneſs of the body of the varniſh gave more oppor- 
tunity of retouching the lines, or enlarging them with 
the oval pointed needles ; but the ſoft varniſh has now 


almoſt wholly ſuperſeded the uſe of the hard, by the free 
manner of working it admits of. 


To make Soft Varniſh for Etching. 


TAKE virgin'swax and aſphaltum, each two ounces; 
of black pitch and Burgundy pitchin a new earthen-ware 
glazed pot; and add to them, by degrees, the aſphaltum 
finely powdered, Let the whole boil, till ſuch time as 
taking a drop upon a'plate, it will break when it is cold 
on bending it double two or three times betwixt the 
fingers. The varniſh being then boiled enough, it muſt 
be taken off the fire, and letting it cool a little, muſt be 
poured into warm water, that it may work the more 
eafily with the hand, ſo as to be formed into balls; which 
muſt be rolled up, and put into a piece of taffety for 
uſe, | 


It 
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It muſt be obſerved, firſt, that the fire be not too vio- 
lent, for fear of burning the ingredients; a ſlight ſum- 
mering will be ſufficient: ſecondly, that while the aſ- 


phaltum is putting in, and even after it is mixed with 


them, the ingredients ſhould be ſtirred continually with 
the ſpatula: and thirdly, that the water into which this 
compoſition is thrown, ſhould be nearly of the ſame de- 
gree of warmth with it, to prevent a kind of cracking 
that happens when the water is too cold. 


The varniſh ought always tobe harder in ſummer than 
in winter; and it will become ſo if it be ſuffered to boil 
longer, or if a greater proportion of aſphaltum or brown 
roſin be uſed, The experiment above-mentioned, of ths 
drop ſuffered to cool, willdetermine the degree of hard- 
neſs or ſoftneſs that may be ſuitable to the ſeaſon when 
it 1s uſed, 1 


The Method of applying the Soft Varniſh io the Plate. 


THE plates are to be procured ready for the work, at 
the braziers; but there are people whoſe buſineſs it ĩs to 
make them of all ſizes in London. Having a plate ac- 
cording to the ſize you intend, clear it from all greaſineſs 
Þy chalk or Spaniſh white, fix a hand-vice on the edge 
of the plate, where no work is intended to be, to ſerve as 
a handle for managing it when warm: then put ĩt on a 
chaffing-diſh in which there is a moderate fire, obſerving 
to hold it ſo that it may not burn: keep the plate overthe 
fire till it be ſo hot, that the varniſh, being brought into 
contact with it, may melt: then cover the whole plate 
over with a thin coat of the varniſn, and while the plate 
is warm, and the varniſh upon it in a fluid ſtate, dab (or 
beat) every part of the varniſh gently with a ſmall ball 

| TH. (or 
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(or dabber) made of cotton, tied up in taffety ; which 
operation ſmooths and diſtributes the varniſh equally 
over the plate. _ 


When the plate. is thus uniformly and thinly covered 
with the varniſh, it muſt be blackened by a piece of 
flambeau, or large candle, which affords a copious ſmoke; 
ſometimes two, or even four, ſuch candles are uſed to- 
gether for the ſake ofdiſpatch, that the varniſh may not 
grow cold; which if it does during the operation, the 
plate muſt then be heated again, that it may be in a 
melted ſtate when that operation is performed: but great 
care muſt be taken not to burn it, which when it hap- 
pens, may be eaſily perceived by the varniſh wn 
burnt, and 2 95 its de 


It is proper to be very cautious in keeping the flam- 
beau or candle at a due diſtance from the plate, leſt the 
wick touch the varniſh, which. would both ſully and 
mark it. If it appear that the ſmoke has not penetra- 
ted the varniſh, the plate muſt be again placed for ſome 
little time over the chaffing diſh ; and it will be found 
that, in proportion as the plate grows hot, the varniſh 
will melt and incorporate with the black which lay 


above it, in ſucha manner, that the whole will be _— 


PER by it. 5 


Above all W the greateſt caution ſhould be uſed 
in this operation, to keep all the time a moderate fire; 
and to move frequently the plate, and change the place 
of all the parts of it, that the varniſh may be melted 
alike everywhere, and kept from burning. Care muſt 
alſo be taken that, during this time and even till the var- 
niſh be entirely cold, no filth, ſparks, or duſt fly on it; 
for they would ſtick faſt, and ſpoil the work. 


To 


m 3 34 


| MISCELLANEOUS ARTICLES. 3) 


o make the Hard Varniſh for Etching, 


TAKE four ounces of fat oil, very clear, and made 
of good linſeed oil, like that uſed by painters : heat it in 
a clean pot of glazed earthen ware, and afterwards put to 
it four ounces of maſtich well powdered, and ſtir the 
mixture briſkly till the whole be melted, then paſs the 
whole maſs through a piece of fine linen, into a glaſs 
bottle that can be ſtopped very ſecurely; and it is fit 
for uſe, The method of applying this varniſh is pre- 
ciſely the ſame as for the ſoft; being ſpreadequally over 
the warm plate with the taffety-ball, and ſmoked in the 
ſame manner; only after if is ſmoked, it muſt be baked, 
or dried over a gentle fire of charcoal, till the ſmoke 
from the varniſh begin to decreaſe, taking care not to 
overheat the plate, which would both ſoften it and burn 
the varniſh, 


To make the Soft War for the Borders of the "_ to keep on 
the Aquafortis, 


TAKE four ounces of bees wax, temper it with a lit- 
tle Venice turpentineand tallow to a proper conſiſtence; 
which will be eaſily found by trial. 


* 


General Directions for Etehing. 


THE method of etching is as follows: the plate being 
covered over with a peculiar ground or varniſh, as al- 
ready directed, and that fide blackened with the ſmoke 


ef a candle, the back of the deſign or draught is laid 
over 


q 
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__ © over the varniſh, being firſt rubbed with red chalk « 
then the deſign being laid on, is to be transferred upon 
the varnifhed fide of the plate. This is done by tracing 

over all the lines and ſtrokes of the draught with a needle 
or point, not very ſharp, which preſſing the paper cloſe 
down to the ground, cauſes the wax to lay hold of the 
red chalk, and thus brings off with it the marks of the 
ſeveral lines, ſo that at length it ſhews a copy of the 
whole defign in all its correctneſs. 


In the mean time, it is neceſſary to obſerve, that 
ſuch parts of the plate as you do not work on 1s tobe co- 
vered with a ſheet of fine white paper, and a ſheet of 
brown over that; upon this you may reſt your hand, to 
keep it from the varniſh, 1f you make uſeof a ruler, lay 
ſome part of it upon the paper, that it may not rub off 
the varniſh ; and take ſpecial care that no duſt or filth 
get in between the paper and the varniſh, becauſe that 


would hurt it, 


The draught or defign being thus chalked, the etcher 
next proceeds to draw the ſeveral lines with a pointed 
tool through the ground uponthe copper. In doing this, 
he makes uſe of points of various ſizes, and preſſes them 
on more ſtrongly or lightly according as the ſeveral 
parts of the figures, &c. require more or leſs ſtrength or 


boldneſs, 


This done, arim or border of wax 1s raiſed round the 
circumference of the plate, to keep in the aquafortis, 
and prevent it from running off at the edges; and then 
it 1s poured on the plate ſo prepared. The ground or 
* varniſh with which the plate is covered, defends it every- 
where from the corroſive quality of the aquafortis, ex- 


cept in thoſe lines or hatches cut through the ground 
with 
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with the points, which lying open, the water paſſes 
through them into the copper, and eats into it thedepth 
required; which being done, it is poured off again. 


It is to be obſerved, that the aquafortis muſt not con- 
tinue equally long, or be poured on equally over all the 
parts of the deſign; and you muſt let it down to a pro- 
per ſtrength with water, which no rule but practice can 
teach, without the ſtrength of the aquafortis could be 
obtained, and likewiſe the goodneſs of the ground; the 
remote parts muſt firſt be eaten more ſlightly than thoſe 
nearer the view, For effecting this, a compoſition of oil 
and greaſe, with whigh they cover all the parts that are 
to be eaten no farther, is made uſe of; or elſe this com- 
poſition is at firſt laid on as a defence, and taken off again 
when they find it proper, Ina word, they are every now 
and then covering or uncovering one or another part of 
the deſign as occaſion requires, 


The management of the aquafortis is the principal 
matter in the whole art of etching ; and on which the 


effect of the whole chiefly depends. The workman muſt 
be obſervant as to the ground, that it does not fail or 


give way in any partof the aquafortis; and ifinany place 


it does, to ſtop up that with common varniſh, It muſt 
be alſo obſerved, that a freſh dip of aquafortis muſt ne- 
yer be given without firſt waſhing dut the plate in fair 
water, and drying it at the fire, 


When the aquafortis has performed its part, the ground 
muſt be taken off and the plate waſhed and dried; after 
which, the artiſt muſt examine it, and with his graver 
touch it up, and heighten it. where the aquafortis, &c. 
has. miſſed. 


Particular 
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Particular Di rections for Etching, 


IN making lines or hatches, as there muſt be ſome 
bigger and ſome leſs, ſome ſtrait and ſome crooked, you 
muſt uſe ſeveral ſorts of needles, bigger or leſs, as the 
work requires. The largelines are made by leaning hard 
on the needle, the point being ſhort and thick (but a 
round point will not cut the yarniſh clear) or by making 
divers lines or hatches very cloſe to one another, and 
then paſſing over them again with a thicker needle ; or 
by making them with a pretty large needle, and letting 
the aquafortis be longer thereon,, 


If your lines or hatches ſhould be of an equal thick- 
neſs from end to end, lean on the needle with an equal 
force, leaning lightly where you would have the lines 
or ſtrokes fine or ſmall; and heavier where you would 
have them appear deep or large. If the lines are too 
ſmall, paſs over them again with a ſhort but round point, 
of ſuch a bigneſs as you would haye the line, and leaning 
ſtrongly where you would have it deep. 


The manner of holding the needle with oval points, 
which is moſt proper for making large and deep ſtrokes, 
much reſembles that of a pen; only the flat fide whetted 
is uſually held next the thumb; yet it may be uſed with 
the face of the oval turned towards the ſide of the little 
finger. 


If you would end with a fine ſtroke, you muſt draw it 
with a fine needle; and in uſing the oval points, hold them 
as upright and ſtraight in your hand as you can, ſtriking 

| your 
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your ſtrokes firmly and freely, for that will add much to 
their beauty and clearneſs. 


In etching landſcapes, you muſt uſe ſlender points for 
faint ſtrokes to thoſe places at the greateſt diſtance from 
view, as alſo thoſe neareſt the light; and muſt be care- 
ful, while at work, to bruſh off all the duſt worked off 
with the needles, | 

It is neceſſary to obſerve, that you ought to be ſo far 
maſter of the art of drawing as to be able to copy any 
print or painting exactly, and to draw after good heads 
of plaſter or figures, according to your own fancy, and 
to ſhadow every thing exactly according to art; and 
therefore, when you imitate plaſter, be ſure to take the 
true outlines or circumferences; and taking notice how 
the ſhadow falls, to do it very faint, as ſoft as the deſign 
requires, Therefore, it is convenient that you be able 


to hatch with the pen exactly, after good copies; and 


when you can do that, to draw after plaſter, and then to 
draw from the life, | | 


In order to take the outlines of any drawing or print 


upon the ground of the plate, you muſt ſcrape a little 
white lead on the back fide; then take a feather and rub 
it over everywhere alike, and ſhake off that which re- 


mains looſe, 


Having done this, lay the print on the plate, over that 
fide where the lead 1s, and faſten the four corners of it 
to the plate with a little ſoft wax; then take the tracer 
and draw upon the print all the outmoſt lines or circum- 


ferences exactly. When you have done this, take off 


the print from the plate, and all the ſame outlines and 
No. VI, G circum- 
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circumferences, which you drew upon the print with 
the tracer, will exactly be found upon the ground. 


Then you muſt obſerve exactly how your original or 
pattern 1s ſhadowed, how cloſe the hatches are joined, 
how they are laid, and which way the light falls or 
comes in. This muſt be made to fall one way; and if 
the light falls ſideways in the print, you muſt hatch that 
tide darkeſt which is fartheſt from the light; and ſo 
place the lights all together on one fide, and not con- 
fuſedly, part on one ſide, and part on the other. 


Take heed how cloſe all the hatches join, how they 
incline, and which way they twiſt and wind, This fol- 
low as exactly as you can; but before you begin to 
hatch or ſhadow, you muſt not fail to draw all the out- 


lines with a needle upon the ground as artificially as 


you can, and ſhadow it with your different needles ac- 
cording to the original, 


In landſcapes, that part next the eye, as was already 
obſerved, is to be hatched darkeſt, and the reft is to de- 
cline in its ſhadows by degrees the farther it is off from 
view. The ſame method is to be obſerved in etching 
a ſky ; for that which is neareſt to the eye muſt be ſha» 
dowed darkeſt, but in general as ſoft and faint as poſli- 
ble, loſing itſelf gradually, as directed before; and by 
how much nearer the iky comes to the ground, by ſq 
much the more looſe and faint muſt it be made to appear; 
and where they both meet, as it were, er the iky 
muſt be quite loſt, 


In etching letters, ſcrew the copperplate in a hand- 
vice, then hold it over a charcoal fire till it be warm 
rub a piece of virgin wax all over the plate, ſpreading it 

very 
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very even with a feather, and then letting it cool. The 
letters being written on paper with a black lead pencil, 
lay the written fide downwards upon the waxed plate, 
and faſten the four corners with a little ſoft wax, place- 
ing the writing ſo exact, that the lines may run ſtraight, 
Then rub the backſide of the paper all over with a bur- 
niſher, taking care not to miſs any part thereof, and, 
taking the paper off the plate, you will find all the let- 
ters written on the paper left exact on the wax. Then 
draw all the letters through the wax on the plate with a 
tracer, and afterwards clean the work from the looſe 
wax with a linen rag or pencil-bruſh; and laſtly, pour- 
ing on the aquafortis, the letters will be etched. All 
the former operations being performed, waſh the plate 
with fair water, and ſet it wet upon the fire till the mix- 
ture be well melted; then wipe it very clean on both 
ſides with a linen cloth till it is thoroughly clear of all 
the mixture. In the next place, take good charcoal, 
and, pulling off the rind, put fair water on the plate, 
and rub it with the charcoal, as if you were to poliſh 
it; and by this operation you will get off the varniſh ; 
only you muſt remember that the charcoal is to be free 
of all ſorts of knots and roughneſs, and that no ſand or 
filth fall on the plate. After this, adding two-thirds of 
fair water to one third of common aquafortis, dip a li- 
nen rag init; which, by rubbing the plate all over, 
will reſtore it to its former beauty. However, it is ne- 
ceſſary that the plate be wiped after this, with dry li- 
nen rags, to take off the ſaid water: this is done by 
holding it a little before the fire, putting on a little 
olive-oil, and, with the fur of an old beaver hat rolled 
up, rubbing the plate all over before it is wiped with the 


dry cloth. 
G2 Laſtly, 
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Laſtly, If any places require to be touched with the 
graver, as it frequently happens, eſpecially where it is 
to be very deep or black, carefully correct them; and 
then the plate is fit to be carried to the rolling-preſs. 


Of Engraving, 


THE tools neceſſary for engraving are, the oil-rub- 
ber, burniſher, ſcraper, oil-ſtone, needles, and ruler, al- 
ready mentioned to be uſed in etching; alſo gravers, 
compaſſes, a ſand- bag, and ſome good charcoal. 


Gravers are of two ſorts, ſquare and lozenge ; three 
of each ſort ſhould be provided. The firſt is uſed in 
cutting the broader ſtrokes ; the other for the fainter 
and more delicate, No graver ſhould exceed the length 
of five inches and a half, the handle included, excepting 
for ſtraight lines, 


The ſand- bag or cuſhion, is uſed to lay the plate on, 
for the conveniency of turning it about, The oil-ſtone 
muſt be of the Turkey ſort, and may be procured at the 
ironmongers. | 


Of whetiing and tempering the Graver. 


As great pains is required to whet the graver nicely, 
particularly the belly of it, care muſt be taken to lay 
the two angles of the graver, which are to be held next 
the plate, flat upon the ſtone, and rub them ſteadily, 
till the belly riſes gradually above the plate, ſo as that, 
when you lay the graver flat upon it, you may juſt per- 
ceive the light under the point; otherwiſe it will dig 
into the copper, and then it will be impoflible to keep 

| a point, 
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a point, or execute the work with freedom. In order 
to this, keep your right arm cloſe to your fide, and 
place the fore finger of your left hand upon that part of 
the graver which lies uppermoſt on the ſtone, When 
this is done, in order to whet the face, place the flat 
part of the handle in the hollow of your hand, with the 
belly of the graver upwards, upon a moderate ſlope, and 
rub the extremity or face upon the ſtone, till it has an 
exceeding ſharp point, which you may try upon your 
thumb- nail. The oil-ſtone, while in uſe, muſt never 
be kept without oil, 


When the graver is too hard, as is uſually the caſe 
when firſt bought, and may be known by the frequent 
breaking of the point, the method of tempering it 1s as 
follows: 


Heat a poker red hot, and hold the graver upon it 
within half an inch of the point, till the ſteel changes 
to a light ſtraw- colour; then put the point into oil to 
cool; or, hold the graver cloſe to the flame of a candle, 
till it be of the ſame colour, and cool it in the tallow; 
but be careful either way not to hold it too long, for 
then it will be too ſoft; and in this caſe the point, 
which will then turn blue, muſt be tempered again. Be 
not too haſty in tempering; for ſometimes a little whet- 
ting will bring it to a good condition when it is but a 
little too hard, 


Of holding the Graver. 


CUT off that part of the handle which is upon the | 
ſame line with the belly, or ſharp edge of the graver, 


making that fide flat, that it may be no obſtruction. 
Hold 
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Hold the handle in the hollow of your hand; and ex- 
tending your fore finger towards the point, let it reſt on 
the back of the graver, that you may guide it flat aad 
parallel with the plate, 


Take care that your fingers do not interpoſe between 
the plate and the graver; for they will prevent you from 
carrying the graver level with the plate, and from cut- 
ting your ſtrokes ſo clean as they ought to be, 


Of laying the De/ign upon the Plate. 


AFTER you have poliſhed the plate fine and ſmooth, 
heat it ſo as it will melt virgin-wax; with which rub it 
thinly and equally over, and let it cool. Then the de- 
ſign which you lay on, muſt be drawn on paper, with a 
black lead pencil, and laid upon the plate with its pen- 
ciled ſide upon the wax, then preſs it to, and with a bur- 
niſher go over every part of the deſign, and when you 
take off the paper you will find every line which you 
drew with the black lead pencil upon the waxed plate, 
as if it had been drawn ; then with a ſharp-pointed tool 
trace all your deſign through the wax upon the plate, 
and you may then take the wax off, and proceed to 
work, 


Diredtions for Engraving. 


LET the table or board you work at be firm and 
ſteady; upon which place your ſand-bag with the plate 
upon it; and, holding the graver as above directed, 
proceed in the following manner: 


For 


X. 
2N 
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For ſtraight ſtrokes, hold your plate firm upon the 
ſand- bag with your left hand, moving your right hand 
forwards ; -leaning lighter where the ſtroke ſhould be 
fine, and harder where you would have it broader, 


For circular or crooked ſtrokes, hold the graver ſted- 
faſt, moving your hand or the plate, as you ſee conve- 
nent, 


Learn to carry your hand with ſuch a ſlight, that you 
may end your ftroke as finely as you began it; and if 
you have occaſion to make one part deeper or blacker 
than another, do it by degrees: and that you may do 
it with greater exactneſs, take care that your ſtrokes be 
not too cloſe, nor too wide, 


In the courſe of your work, ſcrape off the roughneſs 
which ariſes, with the belly of your graver; but be 
careful, in doing this, not to ſcratch the plate: and that 
you may ſee your work properly as you go on, rub it 
with the oil-rubber, and wipe the plate clean, which 
will take off the glare of the copper, and ſhew what you 
have done to the beſt advantage. 


Any miſtakes or ſcratches in the plate may be rubbed 


out with the burniſher, and the part levelled with the 
ſcraper, poliſhing it again afterwards lightly with the 
burniſher, or charcoal. 


Having thus attained the uſe of the graver, according 
to the foregoing rules, you will be able to finiſh the 
piece you had etched, by graving up the ſeveral parts to 


the colour of the original; beginning, as in the etching, 
with 


r — — 
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with the fainter parts, and advancing gradually with the 
ſtronger, till the whole 1s completed, 


The dry needle (ſo called becauſe not uſed till the 
ground is taken off the plate) is principally employed in 
the extreme light parts of water, ſky, n archi- 
tecture, &c, 


For your firſt practice, copy ſuck prints as are openly 
ſhaded ; the more finiſhed ones 'being too difficult, till 
you have gained farther experience. 


To prevent any obſtruction from too great a degree 
of light, the uſe of a ſaſh, made of tranſparent, or fan- 
paper, paſted on a frame, and placed ſloping at a con- 
venient diſtance between your work and the light, will 
not only preſerve the ſight, but, when the ſun ſhines, it 
cannot poſſibly be diſpenſed with. 


Of Mexxotinto-Scraping. 


THIS art, which is of late date, is recommended to 
the practice of the ingenious reader, for the amazing 
eaſe with which it is executed, eſpecially by thoſe who 
have any notion of drawing. 


Mezzotinto prints are thoſe which have no hatching 
or ſtrokes of the graver, but whoſe lights and ſhades are 
blended together, and appear like a drawing of Indian 
ink, | 


The tools uſed in this art are, the copper plate, oil- 
ſtone, grounding-tools, ſcrapers, burniſhers, and needles. 


Directions. 


. 
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Directions for laying ths Mezzotinto Ground. 


MARK off upon the bottom of the plate the diſ- 
tance you intend toleave for the writing, coat of arms, 
&c. then laying your plate with a piece of ſwanſkin- 


. flannel under it, upon your table, hold the grounding- 


tool in your hand perpendicularly, lean upon it mode- 
rately hard, continually rocking your hand in a right 
line from end to end, till you have wholly covered the 
plate in one direction: next croſs the ſtrokes from fide 
to ſide, afterwards from corner to corner, working the 
tool each time all over the plate, in every direction, al- 
moſt like the points of a compaſs; taking all poſſible care 
not to let the tool cut (in one direction) twice in a place. 
This done, the plate will be full, or, in other words, all 
over rough alike, and would, if it were printed, appear 
completely black. 


Having laid the ground, take the ſerapings of black 
chalk, and with a piece of rag rub it over the plate; or 
you may with two or three candles ſmoke it, as before 


directed, for etching. 


Now, take your print or drawing, and (having rub- 
bed the black with red chalk-duſt, mixed with white 
lake) proceed to trace it on the plate, 


Directions for ſcraping the Pidlure. 


TAKE a blunt needle, and mark the outlines only, 


then with a ſcraper ſcrape off the lights in every part 
No. VII. _ | | of 
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of the plate, as clean and fmooth as poſſible, in propor 
tion to the ſtrength of the lights in your picture, taking 
care not to hurt your outlines: and that you may the 
better ſee what you do, with the thumb and fore finger 
of the left hand hold a piece of tranſparent paper, ſlo- 
ping; juſt over your right hand, and you will ſoon bea 
judge of the different tints of the work you are doing; 
ſcraping off nſore or leſs of the ground as the different 
ſtrengths of light and tints require. 


The uſe of the burniſher is, to ſoften or rub down 
the extreme light parts after the ſcraper is done ' with; 
ſuch as the tip of the noſe, forehead, linen, &c. which 
might otherwiſe, when proved, appear rather my. 
than clear; 


Another method uſed by mezzotinto ſcrapers, is to 
etch the outlines of the original, as alſo the folds in dra- 
pery, making the breadth of the ſhadows by dots, 
which having bit to a proper depth with aquafortis, 
then take off the ground uſed in etching, and having 
laid the mezzotinto ground, proceed to ſcrape the pic- 
ture, as above. | 


Four or five days before you think the plate will be 
ready for prgving, wet ſome Frenth paper, as no other 
will do ſo well for this work; and that time is neceſſary 
for it to lie wet. Then when the proof is dry, touch it 
with white chalk where it ſhould be lighter, and with 
black chalk where it ſhould be darker; and when the 
print is retouched, proceed as before for the lights, and 
for the ſhades uſe a ſmall grounding-tool, as much as 
yvu judge neceſſary to bring it to proper colour: and 


when you have done as much as you think expedient, 
prove 
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prove it again, and ſo proceed to prove and touch till 
itis entirely to your mays; 


Avoid as much as poſſible over-ſcraping any part be- 
fore the firſt proving, as by this cagtion the work will 
appear more elegant, 


The method of etching Copper Plates with Agua · Tinta. 


TAKE a copper plate prepared as before directed fox 
etching and engraving, lay the etching ground upon 
it, and etch the outlines of your deſign; take the ground 
off and clean the plate perfectly well, then {| prinkle gum- 
ſandarach in fine powder very thin and even over the 
plate, and warm the plate, ſo as juſt to faſten the gum- 
ſandarach; but great caution muſt be here obſerved not 
to melt the gum; if you do, the ſpirits of nitre will 
have no effect, and it will require to be done over 


| again, After it is cold, dip a a ſmall bruſh pencil in 


ſpirits of nitre, and go over every part you intend to 


| ſhadow for the firſt time; repeat the ſame operation 


until you have brought it to your ſatisfaction. If your 
ſpirits be too ſtrong, you may mix it with a little water, 


Mr. P, Sandby has finiſhed ſome excellent prints by 
this method, which are held in great eſteem among the 
admirers of exhibitions of this kind, 


This art has been kept as ſecret as poſſible by thoſe 
who have practiſed it; and I believe this is the firſt 
hint of the proceſs * the public has been favoured 


with. 


H 2 Crayox 
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Crayen Painting. 


y THE elegant arty, of which painting is one of the 
moſt conſiderable, have ever been held in the higheſt 
eſtimation by the great and illuſtrious of all ages; not 
ſolely for private amuſement, but for their beneficial 
influence in ſociety, m promoting beneyolence, and in- 
fpiring W of A 


This will not appear paradoxical, if we obſerve, 
that they are evidently contrived to afford innocent 
pleaſures, diſregarding the inferior ſenſes. In this light 
they may be conſidered as a rational ſcience; and when 
cultivated to an eminent degree of refinement, they dg 
honour to mankind, 


Every attempt to encourage and improve the elegant 
arts deſerves great_ commendation, fince there 1s too 
much reaſon for believing that the intereſts of human- 
ity are not ſo ſtrongly guarded, or ſo firmly ſecured, as 
eaſily to relinquiſh thoſe ſuccours, or forego thoſe afliſt- 
ances which they adminiſter to them, 


Since painting is an art in which truth of outlines is 
no leſs neceſſary than juſtneſs of colouring, I apprehend 
a few hints relative to the former will not (even at 
this period) be deemed ſuperfluous or unneceſſary : for, 
ſhould theſe elements fall into the hands of the accom- 
pliſhed artiſt, to whoſe judgment I ſubmit them with 
the higheſt diffidence, I flatter myſelf I ſhall meet with 
favour and indulgence, fince I intend this work princi- 
pally for the uſe of thoſe who are Juit entering into the 

world 


= 
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world of imitation. To ſuch, I hope to make an offer- 
ing worthy their acceptance, ſhould inclination lead 
them to the ſtudy of painting with crayons, by exhibit- 


ing the materials uſed in this art, with the methods of 


making and preparing them for the execution of deſign, 
I am in hopes of rendering ſome ſervice to the art of 

painting with crayons, of ſuggeſting ſome hints which 

may poſſibly give riſe to further enquiries reſpecting 


this pleaſing ſtudy, and of explaining its principles for 


the benefit of ſuch as may prefer the ſilent amuſement) 


of a beautiful art to the deluſive enchantments in the 


gay circles of pleaſures, 


I ſhall now endeavour to give the ſtudent ſome direc+. 
tions towards the attainment of excellence in this art, 
The ſtudent muſt provide himſelf with ſome ſtrong 
blue paper, the thicker the better, if the grain is not too 
coarſe and knotty, though it is almoſt impoſſible to get 
any entirely free from knots. The knots ſhould be le- 


velled with a pen-knife or razor, otherwiſe they will 


prove exceedingly troubleſome. After this 1s done, the 
paper muſt be paſted very ſmooth'on a linen cloth, pre- 
viouſly ſtrained on a deal frame, the fize according to 
the artiſt's pleaſure : on this the picture is to be execu- 
ted ; but it is moſt eligible not to paſte the paper on till 
the whole ſubje& is firſt dead- coloured. The method 
of doing this is very eaſy, by laying the paper with its 
dead colour on its face, upon a ſmooth board or table, 
when, by means of a bruſh, the back fide of the paper 
muſt be covered with paſte; the frame, with the ſtrain- 
ed cloth, muſt then be laid on the paſted ſide of the 
paper, after which turn the painted fide uppermoſt, and 

| | "+. 


- 


| 
( 
| 
| 
| 
| 


OED” — 


44 MISCELLANEOUS ARTICLES, 


lay a piece of clean paper upon it, to prevent ſmears 
ing; this being done, it may be ſtroked gently over 
with the hand, by which means all the air between the 
cloth and the paper will be forced out, 


When the paſte is perfectly dry, the ſtudent may pro- 
ceed with the painting. The advantages arifing from 
paſting the paper in the frame, according to this me, 
thod (after the picture 1s heguny are very great, as the 
crayons will adhere much better than any other way; 
which will enable the ſtudent to finiſh the picture with 
a firmer body of colour, and greater luſtre, 


When painters want to make a very correct copy of a 


picture, they generally make uſe of a tiffany, or black 


gauze, trained tight on a frame, which they lay flat on 
the ſubje& to be imitated, and with a piece of ſketching- 
chalk, trace all the outlines on the tiffany. They then 
lay the canvas to be painted on flat upon the floor, pla- 
cing the tiffany with the chalked lines upon it, and with 
an handkerchief bruſh the whole over. This preſents the 
exact outlines of the picture on the canvas. 


* 


The crayon- painter may alſo make uſe of this me- 
thod when the ſubject of his imitation is in oils; but in 
copying a crayon picture, he muſt have wal to the 
Sollowing method, on account of the glaſs : 158, 


The ROT being placed upon the eſel, let the out- 
lines be drawn on the glaſs with a ſmall camePs hair- 
pencil dipped in lake, ground thin with oils, which 
mutt be done with great exactneſs: after this is accom- 
pliſhed, take a ſheet of paper of the ſame ſize, and place it 
6 the gl aſs, Rroking © over all the lines with the hand ;þy 

which 
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which means the colours will adhere to the paper, which 
muſt be pierced with pin-holes pretty cloſe to each other. 
The paper intended to be uſed for the painting muſt 
next be laid upon a table, and the pierced paper pla- 


ced upon it ; then with ſome fine poundcd charcoal; tied 


in a piece of lawn, rub over the perforated ſtrokes, 
which will give an exact outline. Great care muſt be 
taken not to bruſh this off till the whole is drawn over 


with ſketching chalk, which is a compoſition made of 


whiting and tobacco-pipe clay rolled like crayons, and 
pointed at each end, 


When the ſtudent paints immediately from the life, 
it will be moſt prudent to make a correct drawing of the 
outlines on another paper, the ſize of the picture he is 
going to paint, which he may trace by the preceding me- 
thod, becauſe ertoneous ſtrokes of the ſketching-chalk 
(which are not to be avoided without great expertneſs) 
will prevent the crayons from adhering to the paper, 
owing to a certain greaſy quality in the compoſition, 


The ftudent will find the fitting poſture, with the box 


of cray6as in his lap; the moſt convenient method for 


him to paint, The part of the picture he is immediate- 
ly painting ſhould be below his face; for, if it is placed 
too high, the arm will be fatigued, Let the windows of 
the room where he paints be darkened at the leaſt to the 
height of ſix feet from the ground, as before directed, 
and the ſubject to be painted ſhould be fituated in ſuch 
a manner that the light may fall with every advantage 
on the face; avoiding too much ſhadow, which ſeldom 


has a good effect in portrait painting, eſpecially if the 


face he paints has any degree of delicacy. Before he be- 


gins to paint, let him be atteative to his ſubject, and ap- 


propriate 
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propriate the action or attitude proper to the age of the 
ſubject; if a child, let it be childiſh z if a young lady, 
expreſs more vivacity than in the majeſtic beauty of a 
middle-aged woman, who alſo ſhould not be expreſſed 
with the ſame gravity as a perſon far advanced in years. 
Let the embelliſhments of the picture, and introduction 
of birds, animals, &c. be regulated by the rules of pro- 
priety and conſiſtency. 


The features of the face being carefully drawn with 
chalk, let the ſtudent take a crayon of pure carmine, 
and carefully draw the noſtril and edge of the noſe next 
the ſhadow; then with the fainteſt carmine tint lay in 
tue ſtrongeſt light upon the noſe and forehead, which 
muſt be executed broad. He is then to proceed gradu- 
ally with the ſecond tint, and the ſucceeding ones, till 
he arrives at the ſhadows, which muſt be covered brilli- 
ant, enriched with much lake, carmine a little broken, 
with brilliant green. This method, will, at firſt, offen- 
ſively ſtrike the eye, from its crude appearance, but, 
in finiſhing, it will be a good foundation to produce a 
pleaſing effect, colours being much more ea ly ſullied 
when too bright, than when the firſt colouring is dull, 
to raiſe the picture into a brilliant ſtate, The ſeveral 
pearly tints, diſcernible in fine complexions, mult be 
imitated with blue verditer and white, which anſwers 
to the ultramarine tints uſed in oils, But if the parts of 
the face where theſe tints appear are in ſhadow, the 
crayons compoſed of black and white muſt be ſubſtitut- 


ed in their place, 


* 


Tho' all the face when firſt coloured ſhould be laid in 


as brilliant as poſſible, yet each part ſhould be kept in its 
proper 


6 aaa +. > 
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proper tone, by which means the rotundity of the face 
will be preſerved. | 


Let the ſtudent be careful when he begins the eyes, to 
draw them with a crayon inclined to the carmine tint, 
of whatever colour the iris are of; he muſt lay them in 
brilliant at firſt, not loaded with colour, but executed 
lightly : no notice to be taken of the pupil yet. Theftu- 
dent muſt let the light of the eye incline very much to 
the blue caſt, cautiouſly avoiding a ſtaring white ap- 
pearance (which when once introduced, is ſeldom over- 
come) preſerving a broad ſhadow thrown on its upper 
part by the eye-laſn. A black and heavy tint is alſo to 
be avoided in the eye-brows; it is therefore, beſt to ex- 
cute them like a broad glowing ſhadow at firit, on which, 
in the finiſhing, the hairs of the brows are to be painted; 
by which method of proceeding, the former tints will 


ſhew themſelves through, and produce the moſt pleaſing 


effect. 


The ſtudent ſhould begin the lips with pure carmine 
and lake, and inthe ſhadow uſe ſome carmine and black; 
the ſtrong vermillion tints ſhould be laid on afterwards. 
He muſt beware of executing them with ſtiff, harſhlines, 
gently intermixing each with the neighbouring colours, 
making the ſhadow beneath broad, and enriched with 
brilliant crayons. He muſt form the corner of the mouth 
with carmine, brown oker, and greens, variouſly :nter- 
mixed, If the hair is dark, he ſhould preſerve much of 
the lake and deep carmine tints therein; this may be ea- 
ſily overpowered by the warmer hair tints, which, as ob- 
ſerved in painting the eye-brows, will produce a richer 
effect when the picture is finiſhed: on the contrary, if 
this method is unknown or neglected, a poverty of co- 
louring will be diſcernible. | 

No. VIII. I After 
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After the ſtudent has covered over, or as artiſts term 
it, has dead-coloured the head, he 1s. to ſweeten the 
whole together by rubbing itover with his finger, begin- 
ning at the ſtrongeſt light upon the forehead, paſſing his 
finger very lightly, and uniting it with the next tint, 
which he muſt continue till the whole is ſweetened toge- 
ther, often wiping his finger oa towel to prevent the co- 
tours being ſullied. He muſt be cautious not to ſmooth 
or ſweeten his picture too often, becauſe it will give riſe 
to a thin and ſcanty effect, and have more the appearance 
of a drawing than a ſolid painting, as nothing but a bo- 
dy of rich colours can conſtitute a rich effect. To avoid 
this (as the ſtudent finds it neceſſary to ſweeten with 
the finger) he muſt continually repleniſh the picture 
with more crayon. | 


When the head 1s brought to ſome degree of forward- 
neſs, let the back-ground be laid in, which muſt be treated 
in a different manner, covering it as thin as poſſible, and 
rubbing it into the paper with a leather ſtump. Near 
the face the paper ſhould be almoſt free from colour; for 
this will do great ſervice to the head, and by its thinneſs, 
give both a ſoft and ſolid appearance. In the back- 
ground alſo, crayons which have whiting in their com- 
poſition ſhould be uſed, butſeldom or never without cau- 
tion ; but chiefly ſuch as are the'moſt brilliant and the 
leaſt adulterated. The ground being painted thin next 
the hair, will give the ſtudent an' opportunity of paint- 
ing the edges of the hair over in a light and free manner 
when he gives the finiſhing touches. 


The ſtudent having proceeded thus far, the face, haif, 
and back-ground being entirely covered, he muſt care- 
fully view the whole at ſome diſtance, remarking in what 

reſpect 
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reſpect it is out of keeping; that is, what parts are too 
light, and what too dark, being particularly attentive to 
the white or chalky appearances, which muſt be ſubdued 
with lake and carmine, The above method being pro- 
perly put into execution, will produce the appearanceof 
a painting principally compoſed of three colours, viz. | I 
carmine, black, and white; which is the beſt preparation 1 
a painter can make for the producing a fine crayon pic- 
ture, | 


The next ſtep is to complete the back-ground and the | 
hair; as the duſt in painting theſe will fall on the face, inf 
and would much 1njure it if that was completed firſt, ; 
From thence proceed to the forehead, finiſhing down- 

ward till the whole picture is completed. 


Back-grounds may be of various colours; but it re- 
quires great taſte and judgment to ſuit them properly to 
different complexions. In general, a ftrong-coloured 
headſhould have a weak and tender tinted ground; and, 
on the contrary, adelicate complexion ſhould be oppoſed 
with ſtrong and powerful tints, by which proper contraſt 
between the figure and the back- ground, the picture 

- will receive great force, and ſtrike the ſpectator much 
more than it poſſibly could do was this circumſtance of 
contraſt not attended to, 


Young painters often treat the back ground of pic- 
tures as a matter of very little or no conſequence, when 
it is moſt certain great part of the beauty and brilliancy 
of the picture, eſpecially the face, depends uponthe tints 

being well ſuited, the darks kept in their proper places, 
and the whole being perfectly in ſubordination to the 


face, Thus a ſimple back-ground requires attention; 
12 | but 
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but the difficulty is ſtill greater when a variety of ob- 
jects are introduced; ſuch as hills, trees, buildings &c. in 
theſe caſes one rule muſt be ſtrictly attended to, that each 
grand object be diſpoſed ſo as to contraſt each other; 
this is not meant metely reſpecting their forms, but their 
colour, their light, ſhade, &c. For inſtance, we will ſup- 
poſe the figure receiving the ſtrongeſt light; behind the 
figure, and very near at hand, are the ſtems of ſome 
large trees; theſe muſt have ſnade thrown over them, 
either from a driving cloud, or ſome other interpoſing 
circumſtance z behind theſe ſtems of trees, and at a diſ- 
tance, are ſeen trees on a riſing ground; theſe ſhould re- 
ceive the light as a contraſt to the former, &c. If an ar- 
chitectural back-ground be choſen, the ſame rule muſt 
be applied. Suppoſe a building at a moderate diſtance is 
placed behind the figure receiving the light, a column, 
or ſome other object in ſhadow ſhould intervene, to pre- 
ſerve proper decorum in the piece, or what will have the 
ſame effeR, 'a ſhadow muſt be thrown over the lower 
part of the building, which will give equal ſatisfaction 
or repoſe to the eye. It muſt be remembered, the light 
muſt be always placed againſt the dark, and the weak 
againft the ſtrong, in order to produce force and effeò; 
and vice ver/a, 


In painting over the forehead the laſt time, begin the 
higheſt light with the moſt faint vermillion tint, in the 
ſame place where the faint carmine was firſt laid, keep- 
ing it broad in the ſame manner, In the next ſhade ſuc» 
ceeding the lighteſt, the ſtudent muſt work in ſome light 
blue tints, compoſed of verditer and white, intermixing 
with them ſome of the deeper vermillion tints, ſweeten- 
ing them together with great caution (this direction is 
for the fineſt complexions; but the ſtudent muſt vary his 

colouring 
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colouring according to his ſubject) inſenſibly melting 
them into one another, increaſing the proportion of each 
colour as his judgment ſhall direct. Some brilliant yel- 
lows may alſo be uſed, but ſparingly; and towards 
the roots of the hair, ſtrong verditer tints, intermixed 
with greens, will be of fingular ſervice, Cooling cravons, 
compoſed of black and white, ſhould ſucceed theſe, and 
melt into the hair, Beneath the eyes, the pleaſing pearly 
tintsare to be preſerved, compoſed of verditer and whitez 
and under the noſe and on the temples the ſame may 
be uſed; beneath the lips, tints of this kind alſo are pro. 
per, mixing them with the light greens and ſome ver- 
million, 


The introduQtion of greens and blues into the face, in 
painting, has often givenſurpriſe to thoſe who are unac- 
quainted with the art; but there 1s reaſon ſufficient for 
their introduction (though it may appear ſtrange at firſt) 
in order to break and correct the other colours, 


The carmine predominating in the dead colour, is, as 
has been obſerved, the beſt preparation for the ſucceed- 
ing tints; the crudeneſs of this preparation muſt be cor- 
rected by variouſly intermixing greens, blues, and yel- 
lows; which of theſe are to beuſed1s to be determined by 
the degree of carmine in the dead colour, and the com- 
plexion intended. The blue and yellow are of a na- 
ture diametrically oppoſite, and ſerve to correQ the reds, 
and oppoſe one another ; the greens being compounded 
of both theſe colours, are of pecyliar uſe in many caſes 
where the tranſition is not to be ſo violent. 


The ſtudent attentively confidering nature, will 
diſcover a pleaſing variety of colours on the ſurface, and 
diſcernable thro a clear and tranſparent ſkin; this va- 


riety 


* 
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riety will be ftill increaſed by the effect of light and ſhade; 
he will perceive one part inclining to the vermillion red, 
another to the carmine or lake; one to the blue, this to 
the green, and that to the yellow, &c. In order to pro- 
duce theſe different effects, he will apply thoſe colours 
to which the tints are moſt inclined; yet in crayon- 
painting it is often beſt to compound the mixed colours 
upon the picture, ſuch as blue and yellow inſtead of 
green; blue and carmine inſtead of purple; red and yel- 
low inſtead of orange: in other circumſtances the com- 
pounds already mixed ſhould be uſed; but in this caſe 
there can be no abſolute rule given, it muſt be left to the 
experience and diſcretion of the painter, though the fty- 
dent may be greatly aſſiſted in the commencement of his 
ſtudies, by an able maſter to direct and point out the beſt 
method to treat circumſtances of this nature as they 
occur in practice; which may at firſt appear obſcure and 
myſterious, but will ſoon, to a good capacity become de- 
monſtrably clear upon certain and ſure principles. The 
circumſtances that require different treatment are ſo va- 
rious and ſo many, as to render it impoſſible for me here 


to deſcend to every particular. 


In finiſhing the cheeks, let the pure lake clear them 
from any duſt contracted with the other crayons; then 
with the lake may be intermixed the bright vermillion; 
and laſt of all (if the ſubje& ſhould require it) a few 
touches of the orange-coloured crayon, but with extreme 
caution, After this, ſweeten that part with the finger as 
little as poffible, for fear of producing a heavy diſagree- 
able effect on the cheeks, as the beauty of a crayon pic- 
ture conſiſts in one colour ſhewing itſelf through, or ra- 


ther between another; this the ſtudent cannot too often 
remark, 
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remark, it being the only method of imitating PO 
ful complexions, | 


The eye is the moſt difficult feature to execute in eray- 
ons, as every part muſt be expreſſed with the utmoſt ni- 
cety to appear finiſhed : at the ſame time thepaintermuſt 
preſerve its breadth and ſolidity while he is particulariz- 
ing the parts. To accompliſh this; it will be a good ge- 
neral rule for the ſtudent to uſe his crayonin ſweetening 
as much, and his finger as little, as poſſible. When he 
wants a point to touch a ſmall part with, he may break off 
a little of his crayon againſt the box, which will produce 
a corner fit to work with in the minuteſt parts, If the- 
eye-laſhes are dark he muft uſe ſome of the carmine and 
brown oker, and the crayon of carmine and black; and 
with theſe he may touch alſo the iris of the eye (if brown 
or hazel) making a broad ſhadow, cauſed by the eye-laſh» 
Red tints of vermillion, carmine, and lake, will execute 
the corners of the eye properly; but if the eye-lids are 
too red, they will have a diſagr&able ſore appearance. 
The pupil of the eye muſt be made of pure lamp- black; 
between this and the lower part of the iris, the light will 
catch very ſtrong ; but it muſt not be made too ſudden, 
but be gently diffuſed round the pupil till it is loſt in 
ſhade, When the eye-balls are ſufficiently prepared, the 
ſhining ſpeck muſt be made with a pure white crayon, 
which ſhould be firſt broken to a point, and then laid on 
firm; but as it is poſſible they may be defective in neat- 
neſs, they ſhould be corrected with a pin, taking off the 
redundant parts, by which means they may be eps as 
neat as can be Ae, 


The difficulty with reſpect to tie noſe, is to preſerve 
the lines properly determined, and at the ſame time ſo 
artfully 


64 MISCELLANEOUS ARTICLES. 


artfully blended into the cheek, as to expreſs its projees 
tion, and yet no real line to be perceptible upon a cloſe 
examination. In ſome circumſtances it ſhould be quite 
blended with the cheek, which appears behind it, and de- 
termined entirely with a flight touch of red chalk. The 
fhadow cauſed by the noſe is generally the darkeſt inthe 
whole face, partaking of no reflection from its ſurround- 
ing parts. Carmine and brown oker, carmine and black, 
and ſuch brilliant crayons, will compoſe it beſt. 


The ſtudent having before prepared the lips with the 
ſtrongeſt lake and carmine, &c. muſt, with theſe colours, 
make them completely core, and, when finiſhing, in- 
troduce the ſtrong vermillions ; but with great caution, 
as they are extremely predominant 3 this, if properly 
touched, will give the lips an appearance equal, if not 
ſuperior, to thoſe executed in oils, notwithſtanding the 
ſeeming ſuperiority the latter has, by means of glazing ; 
of which the former is entirely deſtitute, 


When the ſtudent paints the neck, he ſhould avoid 
expreſſing the muſcles too ſtrong in the ſtem, nor ſhould 
the bones appear too evident on the cheſt, as both have 
an unpleaſing effect, denoting a violent agitation of 
the body: a circumſtance ſeldom neceſſary to expreſs 
in portrait painting. The moſt neceſſary part to be 
expreſſed, and which ſhould ever be obſerved (even 
in the moſt delicate ſubjects) is a ſtrong marking juſt 
above the place where the collar-bones unite: and if 
the head is much thrown over the ſhoulders, ſome no- 
tice ſhould be taken of the large muſcle that riſes 
from behind the ear, and is inſerted into the pit between 


the collar-bones. All inferior muſcles ſhould be, in 
general, 


os 


MISCELLANEOUS ARTICLES. 65 
general, quite avoided. The ſtudent will find this cau- 
tion neceſſary, as moſt ſubjects, eſpecially thin perſons, 
have the muſcles of the neck much more evident than 
would be judicious to imitate, As few necks are too 
long, it may be neceflary to give ſome. addition to the 
ſtem, a fault on the other fide being quite unpardon- 
able Hang being more ungraceful. than, a ſhort 
neck. In colouring the neck, let him preſerve the 
ſtem of a pearly hue, and the light not ſo ſtrong as on the 
cheſt. If any part of the breaſt appears, its tranſparency 
muſt alſo be expreſſed by pearly tints; but the upper 
part of the cheſt ſhould be coloured with beautiful ver- 
milions, delicately blended with the other. 


Of Drapery. 


PAINTING the drapery i is 8 thought to 
be a very inferior branch of the art :—this is, moſt cer- 
tainly, a miſtake, A very great-painter being aſked 
what part of the picture he thought moſt difficult to ex- 
ecute, anſwered, The drapery, Whether we allow this 
to be abſolutely true or not, we may venture to affirm, 
That it is a very difficult part to execute with taſte. 
Merely to give the effect, of filk, ſatin, or cloth, &c. is 
not the point; this, the ſervile copyiſt, by the mere dint 
of labour may effect, and even deceive the vulgar eye, 
ſo that the imitation may be taken for reality; but to 
make the folds give grace and dignity to the figure, to 
clothe it uninfluenced by prejudice, faſhion, or caprice 
ſo as to bear the teſt of ages, requires the fulleſt exertion 


of true genius, and the ſtudy of a man's life: therefore, 


a full deſcription here would be too prolix ; ſo I ſhall 
leave the ſtudent to RP it with great diligence and 
care. 
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Of the Materials. 


THE perfection of the Crayons confiſts, i in a great 
meaſure, in their ſoftneſs ; for it is impoſſible to execute 
a brilliant picture with them if they are otherwiſe : on 
which account great care ſhould be obſerved in the pre- 
paring them, to prevent their being hard. In all oom - 
poſitions, flake - white and white- lead ſhould be wholly 
rejected, becauſe the ſlighteſt touch with either of theſe 


will unavoidably turn black. 


The uſual objection to crayon-paintings is, that they 
are ſubje& to change; but whenever this happens, it is 
intirely owing to an injudicious uſe of the above-men- 
tioned whites, which will only ſtand in oils. To obviate 
the bad effects ariſing from the uſe of ſuch.crayons, let 
the ſtudent make uſe of the common whiting, prepared 


in the following manner : 


Take a large veſſel of water, put the whiting into it, 
and mix them well together ; let this ſtand about half 
a minute, and then pour off the top into another veſſel, 
and throw the gritty ſediment away; let what is prepar- 
ed reſt about a minute, and then pour it off as beforez 


which will purify the whiting and render it free from 


all dirt and grittineſs, When this is done, let the whit- 
ing ſettle, and then pour the water from it: after which, 
lay it on the chalk to dry, and keep it for uſe, either for 
white crayons, or the purpoſe of preparing tints with 
other colours; for with this all the other tints may be 
ſafely prepared. If the ſtudent chuſes to make crayons 
of the whiting immediately after it is waſhed, it 18 not 


neceſlary to dry it on the chalk ; for it may be mixed 
| inſtamly 
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inftantly with any other colour, which will ſave cenſi- 
derable trouble, All colours of a heavy, or gritty na- 
ture, eſpecially blue verditer, muſt be n by waſh- 
ing aſter this method. 


The ſtudent muſt be provided with a large flexible 
pallet-knife, a large ſtone and muller to levigate the co- 
lours, two or three large pieces of chalk to abſorb the 
moiſture from the colours after they are levigated, a 
piece of flat glaſs to prevent the moiſture from being 
abſorbed too. much, till the colours are rolled into form, 
and the veſſels for water, ſpirits, &c. as neceſſity and 
conveniency ſhall direct. 

„ 


REDS. 
— Carmine and Lake. 


>» 


IT is rather difficult to procure either good carmine 


or good lake, Good carmine is inclined to the vermi- 
lion tint, and ſhould be an impalpable powder ; : and 
good lake to the carmine tint, 


The carmine . 55 are * in the N 
manner: 7 


As their texture is inclinable to hardneſs, inſtead of 


grinding and rolling them, take a ſufficieat quantity of 


carmine, lay it upon a grinding-ſtone, mix it with a le- 
vigating knife with ſpixits of wine, till it becomes 
ſmooth and even; yet the leſs friction produced by the 
knife the better. The chalk- ſtone being ready, lay the 
colour upon it to abſorb the ſpirit ;. but be careful that 
it is laid on in a proper ſhape for painting, If it is le- 
vigated tooth in, the crayons will be too flat; and if 
too thick, it will occaſion a waſte of colour, by their ad- 
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ering to the pallet-knife ; but practice will render the v 
proper degree of conſiſtency familiar, a 


When thus made, if the carmine crayons ſhould prove 
too hard, they muſt be reduced to an impalpable pow- t 
der in a mortar, and again mixed in the ſame manner 8 
till ſoft enough for uſe, which will not be if the carmine 
be ground by G the muller with any fluid, 


The fimple colour being prepared, the next ſtep 1s to 
compoſe the different tints by a mixture with whiting: 
the proportion to be obſerved conſiſting of twenty gra- 
dations to one, which may be clearly underſtood by the 
following directions: Take ſome of the ſimple colour, 
and levigate it with ſpirits of wine, adding about one 
part of waſhed whiting to three parts of carmine; of 
which, when properly incorporated, make two parcels, 
The next gradation ſhould be compoſed of equal quan- 
tities of carmine and whiting, of which four crayons 
may be made, The third compoſition ſhould have one - 
fourth carmine, and 3-4ths whiting ; of this make ſix 
crayons, which will be a good proportion with the reſt, 
The laft tint ſhould be made of whiting, very faintly 
tinged with carmine; of which make about eight cray- 
ons, which will complete the above-mentioned pro- 
portion. As theſe compound tints are levigated, they 
are to be laid immediately upon the chalk,” that the moiſ- 
ture may be abſorbed to the proper degree of dryneſs for 
forming into crayons; which may be known byſits loſing 
the greateſt part of its adhefive quality when taken into 
the hand. If the conſiſtency is found to-be right, it may 
be then laid upon the glaſs, which having no pores, will 
prevent the moiſture from becoming too dry before it 1s 


convenient to form it into crayons, otherwiſe the crayons 
would 
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would be full of cracks and very brittle; which will be 
a great inconvemence when they are uſed in painting, 


N. B. Though theſe tints made wich whiting may 


be rolled, yet the pure carmine will ot bear it, but 
muſt be left on the chalk-ſtone till perfectly dry. 


Late 


IS a colour very apt to be hard; to prevent which the 
ſtudent muſt obſerve the following particulars: 


Take about half the quantity of lake intended for the 


crayons, and grind it very fine with ſpirits of wine; let 


it dry, and then pulverize it, which is eaſily done if the 
lake is good; then take the other half, and grind it with 
ſpirits, after which mix 1t with the pulverized lake, and 
lay it out directly in crayons on the chalk, The co» 
lour will not bear rolling. The fimple colour being 
thus prepared, proceed with the compound crayons, as 
directed before, and in the ſame degrees of gradation 
as the carmine tints. If theſe ſhould prove too hard 
when made, let them be again pulverized, and treated 


as the carmine, 
- 


Vermilion. 


THE beft is inclined to the carmine tint, To pres» 
pare this colour, mix it on the ſtone with ſoft water or 
ſpirits, after which it may be rolled into crayons. It is 
ſometimes indeed inclined to be ſo very ſoft, as to re- 
turn again to powder, and cannot be held in the fingers ; 
which may be remed:ed by mixing it up with thin 

water- 
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weter-gruel well trained, which will give fufficient ee- 
hefion. The different tints are produced by a mixture 
of the fimple colour with whiting, according to the 


; proportions already given. 


BLUE'S. 


Pruſſian Blue | 


Is a colour very apt to bind, and is rendered ſoft 
with more difficulty than carmine and lake. The ſame 
method of preparation is to be followed with this as 
directed with reſpe to lake, only it is neceſſary to grind 


a large quantity of the pure colour, as it is chiefly uſed 


far painting draperies. The different tints may be 
made according to neceſhey, or the fancy of the painter, 


Blue Verditer 


IS a colour naturally gritty, and therefore it is ne- 
ceſlary to waſh it well, Its particles are ſo coarſe 
as to require ſome binding matter to unite them, 
otherwiſe the crayons will never adhere together. To 
accompliſh this, take a quantity ſufficient to form two 
or three crayons, to which add a piece of fifted plaſter 
of Paris, about the fize of a pea; mix theſe well toge- 
ther, and form the crayons upon the chalk, This blue 
is extremely brilliant, and will be of great uſe in 
heightening draperies, &c. The tints muſt be form- 
ed with whiting, as directed in the former inſtances; and 
are highly ſerviceable for painting fleſh, to produce thoſe. 


pearly tints ſo beautiful in crayon pictures. It is not 


neceflary 


. 
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neceſſary to mix the compounds with ſpirits, as clear 
water will be ſufficient. 


- 


GREENS, 


BRILLIANT greens are produced with great diffi- 
culty z which may be procured of thoſe who make it 
their buſineſs to prepare them : yet the following com- 
poſitions will be found uſeful, 


Theſe brilliant crayons will be neceſſary for the ſtu- 
dent to complete his ſet with, of which he will find great 
want both in the browns and deep reds, as well as in the 
greens; but in general he ſhould be careful what white 
or light crayons he uſes, that they are not compounded 
by the maker with flake-white, a trial may be made of 
one of them thus: — Bruiſe the crayon to a powder be- 
tween the finger and thumb, and mix it with an equal 
quantity of charcoal duſt; put this into acrucible, which 
muſt be placed in a fierce fire, till the charcoal duſt is 
conſumed; and if the crayon be made with flake-white, 
the lead will return to its original metallic ſtate : conſe- 


quently theſe light crayons are not fit for uſe in this eli- 


mate, as the leaſt damp will make them turn black; yet, 


notwithſtanding, the dark colours will be perfectly good, 


and may * 'ufed without danger. 


Take yellow ochre, and after grinding it with ſpirits, 
mix it with the powder of Pruſſian blue, then temper it 
with a knife, and lay the'crayons on the chalk, without 
rolling them: beſides this, uſe king's yellow, mixed with 
Pruffian blue, brown ochte, and Pruffian blue. Roman 


ochre and Proffian blue, mixed in different proportions, 
will 
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will be uſeful, ' The crayons made of theſe laſt may be 
rolled, Various tints may be produced by theſe colours, 
according to fancy or neceſſity ; ſome to partake more 
of the blue, and others of the yellow. 


TEL OS 
King's Yellow 


| 
Is the moſt uſeful and moſt brilliant, levigated with 
ſpirits of wine, to compoſe the different tints, as before 
directed. Yellow ochre and Naples yellow, ground 


with ſpirits, will make uſeful Crayons, 


Orange 


IS produced by King's yellow, and vermilion, ground 
together with ſpirits, and the tints formed as in other 
caſes; but no great quantity of them 1s required, 


B R O W NS. 
Cullen's Earth 


IS a fine dark brown, After fix or eight of the 
ſimple crayons are prepared, ſeveral rich compound 
tints may be produced from it, by a mixture with car- 
mine, in various degrees; black, carmine, and this 
colour, mixed together, make uſeful tints for paint- 
ing hair; Yeveral gradations may be produced from 
each of theſe, by a mixture with whiting ; Roman and 
brown ochre are excellent colours, either ſimple or 
compounded with carmine. Whiting tinged, in ſeveral 


ihren, 
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degrees, with either of theſe, will prove very ſerviceable in 


painting; common ſea-coal, ground and mixed with care 
mine, is a fine brown. 


Umber 


MAY be treated in the ſame manner as above, only it 
is neceſſary to levigate it with ſpirits of wine. 


» ULRIELES 


RUSSIAN blue ground with ſpirits, and mixed with 
pulverized /lake, will produce a good purple, Carmine 
thus mixed with Pruffian blue, will produce a purple ſome- 
thing different from. the former. Various tints may be 
made from either of * 955 a mixture with 
whiting. 


1e 
Lamp-Black | 


TS the only full black that can be uſed with ſafety, as 
all others are ſubje& to mildew; but as good lamp-black is 
very ſcarce, the ſtudent will, perhaps, find it moſt expe- 
dient to make it himſelf, the proceſs of which is as fol- 


lows; 


Provide 56 tin cone, 85 it over a lamp at ſuch a height, 
that the lame may juſt reach the cane for the ſoot to gather 
. yithin 
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within it. When a ſufficient quantity is collected, take it 
out, and burn all the greaſe from it in a crucible, - It 
muſt then be ground with ſpirits, and laid on the chalk to 
abſorb the moiſture. Various grey tints may be formed 
from this by a mixture with whiting, as mentioned in 
former inſtances. Black chalk ground, is a very good blue 


black. 


Carmine and black is another good compound, of which 
five or ſix gradations ſhould be made, ſome partaking more 
of the black, and others having the carmine moſt predomi- 
nant, beſides ſeveral tints by a mixture with whiting. 


Cinabar and black is alſo a very uſeful compound, from 
which ſeveral different tints ſhould be made. 


Pruſſian blue and black is another good compound, and 


will be found of ſingular ſervice in painting draperies. 


It is impoſſible to lay down rules for the forming every 
tint neceſſary in compoſing a ſet of crayons, there being 
many accidental compoſitions, entirely dependent on fancy 
and opinion. The ſtudent ſhould make it a rule to ſave 
the leavings of his colours, for of theſe he may form various 
tints, which will occaſionally be uſeful, 


N. B. The Cologn or Cullen's earth, yellow oker, 
brown oker, Roman oker, Naples yellow, umber, black 
chalk, and ſea- coal duſt, are all ſubject to throw out a white 
kind of ſalt, which will injure the picture, if the follow- 
ing method of treating them be not ſtrictly obſerved : grind 
them extremely fine with water, and ſeparately put them 
into. a large glazed veſſel, filled with bailing water. After 
44 „„ 1 : 6 the 
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the colour has been well ſtirred, leave it to precipitate; 
then pour off the water, which will take away the ſalts, 
and leave the colour excellently prepared for making crayons 
after it has been dried on the chalk-ſtone and pulverized. - 


Of rolling the Crayons, and diſpoſing them far Painting. 


THE different compoſitions of colours muſt be cut into 
a proper magnitude after they are prepared, in order to be 
rolled into paſtils for the convenience of uſing them. Each 
crayon ſhould be formed in the left hand with the ball of the 
right, firſt formed cylindrically, and then tapered at each end. 
If the compoſition is too dry, dip the finger in water; if 
too wet, the compolition muſt be laid upon the chalk again, 
to abſorb more of the moiſture. The crayons ſhould: be 
rolled as quick as poſſible; and when finiſhed, muſt be 
laid upon the chalk again, to abſorb all remaining moiſture. 
After the gradation of tints from one colour are formed, 
the chalk and the grinding- ſtone ſhould be well ſcraped and 
cleanſed with water before it is uſed for another colour. 


When the ſet of crayons is compleated according to the 
rules preſeribed, they ſhould be arranged in claſſes for the 
convenience of painting with them. Some thin drawers, 
divided into a number of partitions, is the moſt convenient 
method of diſpoſing them properly. The crayons ſhould 
be depoſited according to the ſeveral gradations of light. 
The bottom of the partitions muſt be covered with bran, as 
a: bed for the colours, becauſe it not only preſerves them 
clean, but prevents their breaking. 
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The box made uſe of when the ſtudent paints, ſhould be 
about a foot ſquare, with nine partitions. In the upper 
corner, on the left hand, (ſuppoſing the box to be in the 
lap when he paints) let him place the black and grey crayons, 
thoſe being the moſt ſeldom uſed; in the ſecond partition, 
the blues; in the third, the greens and browns ; in the firſt 
partition on the left hand of the ſecond row, the carmines, 
lakes, vermilions, and all deep reds; the yellows and 
orange in the middle, and the pearly tints next; and as 
theſe laſt are of a very delicate nature, they muſt be kept 
very clean, that the gradations of colour may be eaſily diſ- 
tinguiſhed : in the loweſt row, let the firſt partition con- 
tain a piece of fine linen rag to wipe the crayons with while 
they are ufing ; the ſecond, all the pure lake and yermilion 


tints; and the other partition may contain thoſe tints, 


which, from their complex nature, cannot be clafſed with 
any of the former, 


Receipts for thoſe who paint in WaTER-CoLovugs, 
Two Methods ta make Gum-Water, 
1. DISSOLVE one ounce of pure white gum-arabic, 
and half an ounce of double-refined ſugar, in a quart of 


ſpring water; ſtrain it through a fine fieve or a piece of 
muſlin, and bottle it off for uſe, keeping it free from duſt. 


2. Take ſome gum-arabic of the whiteſt ſort, bruiſe it, 
and tie it up in a piece of woollen-cloth, and ſteep it in 
ſpring water in a glaſs or earthen veſſel, till it be diſſolved. 
If it be too ſtiff, add more water; and if too thin, more 


. With 


MISCELLANEOUS ARTICLES.” 57 


Wich this water you may temper moſt of your colours; | 
uſing ſuch a quantity, that being touched when dry, the 
colour will not come off, If the colour ſhines, there is 
too much gum in it. 


To make Liquid Gold for Vellum Painting, &c, 


GRIND the fineſt leaf-gold with ſtrong gum-water very 
fine, adding as you grind it more gum-water as you ſee ne. 
ceſſary. When you have ground it as fine as you can, waſh 
it in a large ſhell; then temper it with a little mercury- 
ſublimate, bind it in the ſhell with a little diffolved gum, 
ſhake and ſpread it equally all over the ſhell, and uſe it with 
fair water only. Thoſe who do not chuſe to make, may 
buy the ſhells ready prepared, at the eolour ſhops, at a very 
low * 


* 


To make Liquid Silver for the ſame Purpoſe. 


THE proceſs for this is the ſame with that of liquid 
gold, only obſerving in the uſing it to temper it with glare 
of eggs inſtead of water. 


* 
To make the Glare of Eggs. 


| TAKE the whites, and beat them with a ſpoon till they 


| riſe in a foam; let them ſtand all night, and they will be 


clarified into good glare, 


of 


ang 


F r mu SR 
_ \ 


\ = U 
— © 
a > = =; OR —— 
— —— _—_— — — a 
— = — 


— 


- ——— — 
= 


— 


= _ = 


he cd. 
> — * 


— * — . — % . _—_ . — * — * 
244 — — ——— — Pa; * 
. 


—— O—— 


13 MISCELLANEOUS ARTICLES. 


Of Colours proper for waſhing Maps. 
COLOURS for waſhing maps may be made by boiling 
different kinds of wood, and ſtaining ſubſtances, as logwood, 
Brazil, cochineal, madder, turnſal, &c. | 
To keep the Colours from, ſinking. 


- BOIL four ounces of roach-allum in a pint of ſpring 


water, till it is thoroughly diſſolved ; then filter it through 


brown paper, and keep it for uſe, 


Before you lay on your colours, take a ſponge, and wet 


the back of your paper with this water while it is hot. 


This.will not only prevent the colours from ſinking, but 
will likewiſe give them an additional beauty and luſtre, and 
preferve them from fading. If your paper is not good, it 
muſt be waſhed three or four times with this water, drying 


it eyery time. f 


To make Size for painting Scenes, and other Candle -Light 
Pieces, > oY 


STEEP a quarter of a pound of the cuttings of white 
glove- leather in water for ſome time: then take them out, 
and boil them in three quarts of water, till it waſtes to a 
pint, and ſtrain it through a clotii into an earthen pan. 
When the ſize is cold, if it feel firm under your hand, it is 
ſtrong enough. You may preparegany cblours in this ſize 
while it is warm, and it will take off the glare which would 

5 appear 
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appear upon them ” candle-light, if mixed with 2 
Water. 


How to make a Compoſition to waſh Braſs ſo as to lot 
like Silver. 


TAKE filver, or gold-lace, half an ounce, add thereto 
one ounce of double refined aquafortis, put them in an 
earthen pot, and place them over a gentle fire till all be 
diflolved, which will happen in about five minutes; then 
take it of, and mix it in a pint of clear water, after which, 
pour it into another clean veſſel to free it from grit or ſedi- 


ment; and then add a ſpoonful of ſalt, and the green water - 


will immediately let go the ſilver particles, which will form 
themſelves into a white curd ; then pour off the water, and 
throw it away, for it is of-no further uſe. The white curd 
muſt then be mixed with two ounces of falt of tartar, half 
an ounce of whiting, and a large ſpoonful of ſalt, more or 
leſs, according as you find it for ſtrength. Mix it well up 
together, and it is ready for uſe. 


+ How to Silver Braſs, &c. 


HAVING well cleared the braſs from all ſcratches 
(otherwiſe it vill ſpoil its appearance) rub it over with a 
piece of old hat and rotten-ſtone, to clear it from all greaſi- 
neſs, then rub it with falt and water with your hand ; then 
take a little of the hefoft-mentioned compoſition on your 
finger, and rub it over where the ſalt has touched, and it 
will adhere to the draſs, and appear as well as ſilver; after 


which, waſh and ſteep it in plenty of clear water, to kill 
the 
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the aquafortis which remained in the compoſition; and, 
when dried with a clean hot rag, it is then ready to be 
varniſhed, 


To make white Varniſh for Braſs. 


. TAKE ſpirits of wine (highly reQtified) one pint, which, 
divide into four parts; then mix one part with half an 
ounce of gum maſtic, in a phial by itſelf; one part ſpirits, 
and half an ounce of gum ſandarach in another phial; one part 
ſpirits, and half an ounce of the whiteſt parts of gum benja- 
min; then mix and temper them to your mind. No rule 
can further inftruct you, unleſs the quality of the gums and 
ſpirits could be aſcertained. It would not be amiſs to add 
a very little bit of white roſin, or clear Venice turpentine, 
in the maſtic bottle, it will aſſiſt in giving a gloſs: if your 
varniſh ſhould prove ſtrong and thick, add clear ſpirits, if 
too hard, pour from the maſtic bottle, if too ſoft, a little 
from the ſandarach, or benjamin, When you have brought 
it to a proper temper and ready for uſe, warm the filvered 
plate (if a clock face, not too hot ſo, as to melt the wax) be- 
fore the fire, or upon a hot heater, and with a flat camel's- 
hair bruſh, or clean linen rag lapped up, and dipped in the 
. varniſh, ſtroke it quickly over, until no white ſhades 
appear, and it will preſerve the ſilver on many years. 


To make Pulvis Fulminans, or Thunder Powder. 
| o 


MIX three parts of falt petre, two parts of falt of Tar- 


tar, and one part of flowers of ſulphur well together ; put 
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the compoſition into a bottle, ang cork it well to prevent 
the air from ſpoiling it, and it is ready for uſe. 


When you uſe it, take as much as will lay upon a 
ſhilling, and putting it upon a fire-ſhovel dver a gentle 
fire, it will preſently begin to ferment, and will make a 
horrible exploſion, like that of a gun, This experi- 
ment generally produces much diverſion, eſpecially 
when ignorant perſons are employed to hold the ſhovel, 
I never knew an inſtance of its doing any harm, when 
no more than the above quantity was ; uſed at once. 


To cleanſe Mercury by Aguafortis. 


PUT your mercury in a ſtrong glaſs-bottle, with a 


little clean ſand, and ſhake it well for ſome time; after 
which pour it into a baſon, and add thereto as many 
half ounces'of double-refined aquafortis as you have 


pounds of mercury; let the aquafortis evaporate away, 


and it is then fit for uſe, 


To refine Mercury, if mixed with other Matals. 


MAKE an iron ball A, as repreſented Plate IV. 
Fig. 1. that is hollow, and will ſcrew in two halves in 
the middle; to one half muſt be fixed a pipe B, bended 
for the convenience of going into a veſſel of water, then 
put your metal in, and ſcrew it up, and place it on the 
fire, and the mercury will evaporate from the ball along 
the pipe into the veſſel of water C, and leave all the 
dregs behind, 
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A general Deſcription of making Thermometers. 


1, BEING well provided with tubes, with bottles at 
the end of them, provide ſome good ſpirits of wine, with 
alkanate-root, and put it in the baſon, Fig, 2 ; then take 
the inftrument, Fig. 3, which is a large iron tube, heat 
it red hot, and with a pair of tongs lay hold of it at A, 
and immerſe the ball A and tube Fig. 2, into it while 
hot, and it will drive the air out of the ball; then im- 
mediately immerſe it into the baſon, and the ſpirits will 
aſcend into the ball and fill it. If it ſhould not be quite 
full the firſt operation, it may be done a ſecond or third 
time, 


How to fill a Tube with Mercury, 


TAKE a tube, Fig. 4, and lap a paper-funnel on the 
top of it, and pour mercury into it until it covers the 
top B; then heat it as before, with the mercury in it, 
and the air will aſcend, and, as it were, ſeem to boil 
through the mercury ; when obſerve, as ſoon as it has 
done boiling, take it out of the inſtrument, Fig. 3, and 
the mercury will deſcend into the ball until it be quite 
full: after which ſet it to cool to ſuch a degree of den- 
ſity, that the mercury will not ſettle into the ball in ex- 
treme froſt ; then, by heating ita little, you may throw 
out as much ſuperfluous mercury as you find ſufficient : 
afterwards hermetically ſeal it with your blow-pipe and 
lamp, and it is ready to be applied to a ſcale, 


Farenheit's ſcale is moſt generally in uſe, and the re- 
markable periods of heat are as follows: 212 water 
boils, 175 ſpirits of wine i 112 fever-heat, 98 blood- 

heat, 
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heat, 76 ſummer-heat, 55 temperate, 32 water freezes, 
27 vinegar freezes, 20 ſtrong wines freezes, o the degree 
of cold produced by mixing ſnow and falt (ſee Scale, 
Fig. 5.) When you have filled your ball and tube to 
your ſatisfaction, before you hermetically ſeal the end, 
put the ball into boiling water, and obſerve how high it 
riſes; which part you muſt mark with a file, to a very 
great exactneſs: then let it ſettle to froſt, or (if froſt 
cannot be obtained) to the greateſt degree of cold you 
can, according to another good thermometer; which 
point alſo mark exactly; after which divide the inter- 
mediate points, and continue them downwards as in the 
ſcale, according to their reſpective places; then heat the 
mercury in the ball until it has forced all the air out 
of the tube, at which time inſtantly ſeal it by a blow-pipe 
and lamp. In order to facilitate the proceſs of ſealing 
the tube, it will be neceſſary to obſerve that the end of 
the tube ſhould be drawn out as ſmall as a hair, by means 
of a blow-pipe and lamp ; when the mercury 1s forced 
by heat up to that ſmall part, applying the flame of a 
candle to the end at that time, will ſeal it without the 
help of a blow-pipe. 


Thoſe who defire a more accurate deſcription of the 
different ſcales, may be well inſtructed in Martin's 
Treatiſe on the Scales' of Thermometers : it would be 
quite too copious to be inſerted here, 


To make Silver Solder, 


MELT fine filver two parts, braſs one part; don't 
keep them long in fuſion, left the braſs fly away in 


fumes, 
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Another for Car ſer Silver. 


MELT four parts of fine filver, and three of braſs, 
throw in a little borax, and pour it out as ſoon as it is 
melted, k 


A Solder for Gold, 


MELT copper one part, fine ſilver one part, and gold 
two parts; add a little borax when it is juſt melted, then 
pour it out immediately. 


The Method of Soldering Gold or Silver, 


AFTER the ſolder is &ſt into an ingot, it would be 
more ready for uſe if you were to draw it into ſmall 
wire, or flat it between two rollers ; after that cut it into 
little bits, then join your work together with fine ſoft 
iron- wire, and with a camel's hair-pencil dipt in borax, 
finely powdered and well moiſtened with water, touch 
the joint intended to be ſoldered ; placing a little ſolder 
upon the joint, apply it upon a large piece of charcoal, 
and with a blow-pipe and lamp, blow upon it through 
the flame until it melts the ſolder, and it is done. 


To cleanſe Silver after it is ſoldered. 


MAKE it juſt red hot, and let it cool, then boil it in 
ailum-water, in an earthen veſſel, and it will be as clean 
| as 
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as when new. If gold, boil it in urine, and ſal am- 
moniĩac. 


— 


A Solder for Lead. 


TWO parts lead and one part tin: its goodneſs is 
tried by melting it, and pouring the bigneis of a crown- 
piece upon the table; for if it be good, there will ariſe 
little bright ſtars in it. Apply roſin when you uſe this 
ſolder, 


A Solder for Tin, 


TAKE four parts pewter, one of tin, and one of biſ- 
muth ; melt them together, and run them into narrow 
thin lengths, and it is done, 


— 


Solder ſor Tron. 


NOTHING here is neceſſary but good tough braſs, 
with borax applied, mixed with water to the conſiſtence 
of paſte. 


A Cement uſeful for Turners. 


TAKE roſin one pound, pitch four ounces, melt theſe 
together, and while boiling hot add brick-duſt, until, 
by dropping a little upon a ſtone, you perceive it hard 
enough : then pour it into water, and immediately make 


it up in rolls, and it 1s fit for ule, 
Another 
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Another, finer than the laſt. 


TAKE roſin one ounce, pitch two ounces, add red 
oker, finely powdered, until you perceive it ſtrong 
enough, and it 1s done, | 


Either of theſe cements are of excellent uſe to tutners, 
By applying to the fide of a chock, and making it 
warm before the fire, you may faſten any thin piece of 
wood, which will hold while you have turned it, by the 
cement; when you want it off again, ftrike it on the 
top with your tool, and it will drop off immediately. 


A Cement for Broken Pots, Glaſſes, &c, 


TAKE quick lime, glare of eggs, and old thick var- 
niſh ; grind and temper well together, and it is ready 
for uſe. | 


A ſtrong Cement for ELArical Purpoſes I 
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MELT one. pound of rofin in a pot or pan, over a 
ſlow fire, add thereto as much plaſter of Paris, in fine 
powder, as will make it hard enough, which you may 
ſoon know by trial; then add a ſpoonful of linſeed oil, 
ſtirring it all the time, and try if it be hard and tough 
enough for your purpoſe ; if it is not ſufficiently hard, 
add more plaſter of Paris ; and if not tough enough, a 
little more linſeed oil, 


yr 
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N. B. I believe this to be as good a cement as is poſe 
ſible to be made for fixing the necks of globes, or any 
thing which is wanted ſtrongly fixed; for it is not very 
eaſy to melt again when cold. 


: Another, ſofter than the former. 


TAKE rofin one pound, bees-wax one ounce, add 
thereto as much red oker as will make it of a ſufficient 
ſtiffneſs, pour it into water, and make it into rolls, and 
it is fit for uſe, This cement is uſeful in cementing 
braſs hoops on glaſles, or any other mounting of elec- 
trical apparatus, 


A Cement for Glaß-Grinders. 


TAKE pitch and boil it, add thereto, and keep ſtir- 


ring it all the while, fine ſifted wood-aſhes, until you 


have it of a proper temper; the addition of a little tal- 
low may be added as you find neceilary, 


Another for Small Wark, 


TAKE fix parts rofin, and one of bees-wax, melt 
them together, and if too ſoft, add more roſin; if too 
hard, add more bees-wax, &c, 


A Cement 
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A Cement or Glue, that will hold very ſtrongly, either agai 101 
Heat or Moi ture. 


MIX and boil linfeed oil and quick lime together, till 
they become very thick, then pour them out, and make 
them into rolls or cakes, and they will prove very uſeful, 


_— to many purpoſes, 


goed Glue for Sign- Boards, or any Thing that muſt land 
the Weather. 


MELT common glue with water to a proper conſiſt- 
ence; then add linſeed oil, with a little red lead, more 
or leſs as you ſee occaſion, and it will anſwer the puff- 
pole exceeding well, | 


To make a fine Glue, wherewith you may caftl curious Medals, 


STEEP iſinglaſs in brandy, and when it is diffolved, 
boil it together with water, and ſpread it over any me- 
dal, and when dry it will appear perfect. It muſt be of 


a tolerable thick conſiſtence, much like common glue. 


us 


To ſlain Mocd Red. 


A 
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* 


TAKE archal one pound, add 1-4th oil of vitriol, and 
it is ready for uſe: to make it flrike deeper, add a little 
more oil of vitriol. 


To 
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| | To Stain Blue. 
DISSOLVE indigo, well bruiſed, one ounce, in a 


pound of oil of vitriol; ſet it near the fire for two or. 


three days; keep ſtirring it about with a tick, then let 
it down to what ſtrength you pleaſe with water, 


GAMBOGE, or turmeric, diſſolved in oil of vitriol. 


| A black Stain for Mood. 


HEAT a fteel-bar very hot, take it out of the fire, 
and ſmear it over with brimſtone, which will diffolve a 
part of the ſurface z ſcrape it off, and repeat this opera- 
tion till all the ſteel is quite diffolved (or at leaſt as 
much as you intend to uſe) then beat it to a fine pow- 
der, and incorporate it with very ſtrong alegar or vine 
gar; add thereto blue nut-galls, and a little copperazs 
and allum; but before you lay the ſtain on, it will be 


proper to ſtrike it over with boiling hot logwoods 


water, 


To Stain Green, 


DISSOLVE gamboge in water; add of the blue 
ſtain to it as you ſee occaſion. N. B. All the wood 
muſt be very white, 5 


No. XII. N Blue 
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Blue Ink. 


A little of the blue ſtain tempered with water, with 
the addition of a little gum arabic. 


To make good common Ink. 


IN four parts of water or beer let a pound of bruiſed 
calls be infuſed twenty-four hours, without boiling : to 
this add fix ounces of gum arabic; and when the gum 
is diſſolved, fix ounces of green vitriol, which will ſoon 
give it the black colour; the liquor is then to be ſtrain- 
ed through a hair- ſie ve. 


Inks of all colours may be made by uſing a ſtrong 
decoction of the ingredients uſed for dying, mixed with 
a little allum and gum arabic. For example: A ſtrong 
decoction of Brazil- wood, with as much allum as it can 
diſſolve, and a little gum arabic to give it body and ſome 
conſiſtence, forms a beautiful red ink. Other ingredi- 
ents may be added, viz. ſpirits to keep it from freez- 
ing, &c, 


A Compoſition for Ornaments. 


TAKE pounded chalk, what quantity you pleaſe ; 
add thereto as much thin glue as will mahe it into 
paſte, which mix well together; then put it into moulds, | 
being a little oiled, and preſs it well in; after which 
take it out, and it will grow as hard as ſtone, N. B. 
You muſt make no more of the compoſition than you 

want 
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want for preſent uſe ; for if it be left till it grows hard, | 


it cannot be worked again. 


To prove Spirits of Wine, whether they are fit for Varniſh, 


TAKE ſome in a ſpoon, and put a little gunpowder in 


it; after which ſet it on fire with a candle or lighted pa- 
per; and if it fire the gunpowder when it has burnt itſelf 
dry, it may be depended on as good; if not, it is not fit 
for varniſh at all. The leſs of watery parts are in the 
varniſh, the ſooner it dries, and is fit for poliſhing; it is 
alſo more permanent, and will come to a better gloſs, 


Po nale Seed-lac Varniſh, 


TAKE ſpirits of wine, one quart; put it in a wide- 
mouthed bottle, add thereto eight ounces of ſeed-lac, 
which is large grained, bright and clear, free from dirt 
and ſticks; let it ſtand two days, or longer,'in a warm 
place, often ſhaking it. Strain it through a flannel into 
another bottle, and it is fit for uſe, 


o make Sbell lac Varniſh. 


TAKE good ſpirits of wine one quart, eight ounces of 


the thinneſt and moſt tranſparent ſhell-lac, which, if 
melted in the flatne of a candle, will draw out in the 
longeſt and fineſt hair; mix and ſhake theſe together 
and let them ſtand in a warm place for two days, and it 
is ready for uſe, This varniſn is ſofter than that which 
" N 2 is 
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is made of ſeed-lac, therefore is not ſo uſeful ; but may 
be mixed with it for varniſhing wood, &c. 


To make a Lacker for Braſs. 


TAKE eight ounces of ſpirits of wine, and one ounce 
of arnotto, well bruiſed ; mix this in a bottle by itſelf; 
| Shen take one ounceof gamboge, and mix it in like man- 
ner to the ſame quantity of ſpirits; alſo bruiſed ſaffron, 
ſteeped in ſpirits to nearly the ſame proportion; after 
this take ſeed- lac varniſh, what quantity you pleaſe, and 
you may brighten it to your mind by the above mixture. 
If it be too yellow, add a little more from the arnotto- 
bottle; and if it be too red, add a little more from the 
gamboge or ſaffron-bottle ; if too ſtrong, add a little ſpi- 
rits of wine, &, Thus you may temper lacker or var- 
niſh to what degree of perfection you pleafe. 


To caſt V. egetables, Inſects, ſmall Birds, Frogs, Fiſh, &c, in 
Plaſter Moulds. 1 


PROVIDE a trough of boards, nailed together ſo as 
not to let water run through the joints ; ſuſpend in the 
trough by thread or Holland twine in ſeveral places, the 
vegetable plant, inſect, &c. which you would caſt; which 
being performed, mix four parts plaſter of Paris and two 
parts of fine brick-duſt with common water, to the con- 
ſiſtence of cream, and with this cover the thing intended 
to be caſt, obſerving not to diſtort it from its natural po- 
ſition if poſſible. When you have filled your trough, let 
it harden, by placing it near the fire by degrees, till you 
can make it red hot; then let it cool, and with a pair of 

| bellows, 


* 
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bellows, blow and ſhake as much of the aſhes out of the 
mould as you can, You muſt now put a ſmall quantity 
of quickfilver into the mould, and ſhake it, in order to 
looſen every part of the aſhes therein, alſo to make a paſ- | 
ſage through where the ſtrings were tied, in order to let 
the air out when you pour in your metal. 


To prepare a Meal for the above Mort. 


TAKE of grain-tin 6, biſmuth 2, and lead 3 ounces; 
melt them together in an iron ladle, and you may caft 
in the above mould to your ſatisfaction. 


You may combine the above ingredients in ſuch pro- 
portions, as to compoſe a metal which will melt in boil- 
ing- water. 


To caft Convex or Concave Moulds of Medals on Tinfoil, with 
Plaſter of Paris. 


TAKE a medal, &c. and cover it with very thin tin- 
foil, which preſs as cloſe to the medal as you can; go 
over every part with a bruſh, laying on tolerably hard, 
in order to preſs the tinfoil into every cavity of the me- 
dal ; after which you may pour prepared plaſter upon it; 
and when it is hard take the medal out, leaving the tin- 
foil in the plaſter; then with a little fine olive · oil, anoint 
the tinfoil and the plaſter where it muſt part, and pour 
more plaſter upon the tinfoil, which alſo let harden; you 
may then ſeparate them, and take out the tinfoil, and 


you will have both a conyex and concave mould. 
Chemical 
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Chemical Tranſcolmrations. 


AMONG the moſt pleafing as well as ſurprizing phe- 
nomena of nature, may be juſtly ranked the tranſcolour- 
ations produced by chemiſtry z and thoſe are the more 
pleaſing in general which are moſt eaſily executed, 


'Coleurs produced by the Mixture of colourleſs Fluids, 
Red. Spirits of wine mixed with ſpirit of vitriol, 


Orange. Solution of the mercury mixed with oil of 
tartar, | 


Now, Solution of ſublimate and lime-water. 


Green. Tincture of roſes and oil of tartar, 


Purple. Solution of copper and ſpirit of ſal ammo- 
niac. 


Blue. Tincture of roſes and ſpirit of wine. 


White. Solution of ſublimate and ſpirit of ſal ammo- 
nĩiac. 


Black, Solution of ſugar of lead and ſolution of vitriol, 


Colours 
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Colours produced by the mixtyre of coloured Fluids, 


Green, Tincture of n which is yellow, mixed 
with tincture of red roſes. | 


Crimſon, Tincture of violets, which is blue, and ſpi- 
rit of ſulphur, which is brown. | 


Blue. Tincture of red roſes, which is red, and ſpirit 
of hartſhorn, which is browniſh, | 


Purple. Tincture of violets, which is blue, and ſolu- 
tion of Hungarian vitriol, which 1s blue, 


Vioiet. Tincture of violets, which is blue, and ſolution 
of copper, which is green, 


Green. Tincture of cyanus (blue bottle-flower) which 
is blue, and ſpirit of ſal ammoniac coloured blue, 


Yellow. Solution of Hungarian vitriol, which is blue, 
and lixivium, which is brown, 


Black.. Solution of Hungarian vitriol, which is blue, 
and tincture of red roſes. 


Red. Tincture of cyanus, which is blue, and ſolution 
of copper, which is green. 


- - Colours 
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Colours changed and reſtored, 


SOLUTION of copper, which 1s green, 1s made co- 
lourleſs by ſpirit of nitre; and is reſtored gan by oil 


of tartar, 


Limpid infuſion of galls is made black by a ſolution 
of vitriol, and tranſparent again by oil of vitriol; and 
then black again by oil of tartar. | 


Tincture of red roſes is made black by a ſolution of 
vitriol, and becomes red again by oil of tartar, 


A ſlight tincture of red roſes, by ſpirit of vitriol, be- 
comes a fine red; then, by ſpirit of ſal ammoniac, turns 
green; and then, by oil of vitriol, becomes red again. 


Solution of verdegris, which is green, becomes colour- 
leſs by ſpirit of vitriol; then, by ſpirit of ſal ammoniac 
becomes purple; and then by oil of vitriol becomes co- 
lourleſs again. 


Take antimony and grind it to powder, and it will 
become black, Let it be calcined with aqua regia, and 
it will be of a greeniſh yellow; and when ſublimed with 
ſal ammoniac it will be white, red, yellow, greeniſh, and 
black ; of an uniform red when freed from its ſalt by 
water; but white when fixed with thrice its weight of 
nitre. Thus may be ſeen almoſt all the colours in one 
ſolid body. 

Mercury 
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Mercury diſſolved by aquafortis, and alſtitled· in a glaſt 
retort, affords likewiſe, in different parts” of the a 4 
a. of N J . | 

To turn an almoſt limpid liquor blue: 5 Pour r of 
fal-ammoniac to a ſolution of verdigris in vinegar, and 
dilute it with water till it be almoſt' limpid. To turn 
that blue liquor rs: ata an ig to it, till mo acid 


PET ME 


To turn a very green \ Hauer of-a beautiful violet wh: 5 


to a high green ſolution: of copper in vinegar, drop * 
of W till the alkali F 2 


To Modes numerous blues and greys between a deep 
blue and a deep green: put a ſtrong and hot ſolution of 
copper in ſal-amimoniac, into a clearr cylindrical glaſs, and 
add thereto, flowly, - ſpirits- of nitre, drop by drop. A 
different colour between the two degrees, will appear upon 
the addition of each drop. | 


Several of the above compoſitions when put in glaſs 
globes, and placed in a window with lamps aca them, 
make beautiful RN 


- tink Ia 


"By ſyitipathetic inks is meant thoſe ſorts of Nudes 
with which any characters hel ng written they retnain in- 
viſible, till ſome metliod is uſed to give them a tolour: 
There are a great number of compoſitions for performing 

No. XIII. O the 
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the above, but I ſhall only mention a few, ſufficient to 
give a general idea of their nature and uſe, 


1. Take one ounce of litharge of lead, incorporate it 
with twice the quantity of ſtrong diſtilled vinegar, and let 
it ſtand twenty four hours. Then ſtrain it off, and let it 
remain till it be quite ſettled, Preſerve this liquor i in a 


bottle. 


2. Take one ounce of orpiment in powder, add thereto, 
two ounces of quick lime, put the ingredients into a. pint 
bottle with as much water as will ſtand two fingers above 
them. Place the bottles in a warm place, and in twenty 
four hours the water will be ſtrongly impregnated ; then 
pour the liquor gently off, and put it in a bottle well 
corked, and it 1s ready for uſe. : 


In preparing theſe liquors you muſt take care that they. 
have no communication : for the vapour of the latter is 
ſufficient to deſtroy the limpidity of the former, and there - 
by render it unfit for uſe, 8 | 


When you write with the former ink, the letters will 
be viſible, until you expoſe the vapours of the ſecond ; 
thus you may read what was written as plain as if written 
with ink. 


Another Sympathetic Ink, 
1. Diſſolve green vitriol in common water, and add a 
ſmall quantity of nitrous acid, to prevent that yellowiſh, 


precipitation that will otherwiſe be formed, The cha- 
racters wrote in this diſſolution with a new pen will be in- 


viſible, 
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2. Infuſe in three fourths of a pint of water, or white 


wine, two ounces vf ſmall Aleppo galls, and at the end of 
two or three days pour the infuſion off: thus by drawing 
a pencil dipped in this infuſion over the letters wrote with 
the laſt diſſolution, they will appear of a beautiful OW 
eſpecially if the infuſion be ſtrong, 


The letters wrote with the laſt diſſolution will become a 
fine blue ; if they be wetted with water faturated with 
Pruſſian blue: and letters wrote with this water, which 
will be inviſible, will likewiſe turn to a fine blue, by being 
wetted with the above diſſolution. 


Direttions for making the beſt Compoſitions for the Metal of 
reflecting Teleſcopes : together with a Deſcription of the 
| Procdj of g rinding, poliſhing, and giving the . Spec ulum 
the true parabolic curve. 


THE perfection of the metal of which the Speculum 
ſhould be made, conſiſts in its hardneſs, whiteneſs, and 
compactneſs: for upon theſe properties, the reflective 
powers and durability of the Speculum depend. 


The beſt compoſition for the Specula of reflecting Te- 
leſcopes is as follows: 


Take good Swediſh copper two pounds, and when 
melted, add fourteen ounces and a half of grain tin to it ; 


then having taken off the ſcoria, caſt it into an ingot. This 
metal muſt be a ſecond time melted to caſt a Speculum; 
but it will fuſe in this compound ſtate with a ſmall heat, 
and therefore will not calcine the tin to putty ; it ſhould 
be poured off as ſoon as it was melted, giving it no more 
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heat than is abſolutely neceſſary. It is to be obſerved, 
however, that the ſame metal, by frequent melting, loſes 
ſomething of its hardneſs and whiteneſs ; when this is the 
caſe, it becomes neceſſary to enrich the metal by the ad- 
dition of a little tin, perhaps in the proportion of half an 
ounce to a pound. And indeed when the metal is firſt 
made, if inſtead of adding the fourteen ounces and a half 
of tin to the two pounds 'of melted copper, about one 
ounce ofthe tin were to be reſerved and added to it in the 
ſucceeding melting, before it is caſt off into the moulds, the 
compaſition would be more beautiful, and the grain of it 
much finer : this I know by experience to be the caſe. 


The beſt method for giving: the melted metal a good 
ſurface is this : the moment before it is poured off, throw 
into the crucible a ſpoonfnl of charcoal duſt : immediately 
after which the metal muſt be ſtirred with a wooden 
3 and 7 into the moulds. 


The * holes cat, there will be no occaſion * a 
complicated apparatus for grinding and poliſhing it. Four 
tools are all that are neceſſary, viz. the rough grinder to 
work off therough face of the metal, a braſs convex grinder, 
on which the metal is to receive its ſpherical figure ; 
a bed of hones which is to perfect that figure, and to give 
the metal a fine ſmooth face; and a concave tool or bruiſer, 
with which both the brafs grinder, and the hones are to be 
formed. A poliſher may be conſidered as an additional tool; 
but as the braſs grinder is uſed for this purpoſe, and its 
pitchy ſurface is expeditiouſly, and without difficulty, form- 
ed by the bruiſer, the apparatus is therefore not enlarged. 


f. 
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07 Rough Grinding the Secu. 
THE tool by which the rough furface of the metal is 


rendered ſmooth and fit for the hones, is beſt made of lead, 


ſtiffened with about a fifth or ſixth part of tin. This tool 
ſhould be at leaft a third more in diameter than the metal 
which is to be ground; and for one of any ſize, not leſs 
than an inch thick. Tt may be cemented upon a block of 
wood, in order to raiſe it higher from the bench. 8 


This leaden tool being caſt, muſt be fixed in the lathe, 
and turned as true as it is poſſible, by the gage, to the 


figure of the intended Speculum, make a hole or pit in 


the middle as a lodgment for the emery, of about an inch 
diameter for a metal of four inches : when this is done, 
deep grooves muſt be cut acroſs its ſurſace with a graver, in 


the manner repreſented. Plate XVII. of the r E 


to Uſeful — Fig. 3. 


Theſe grooves will ſerve to lodge the emery, and by their 
means the tool will cut a great deal faſter. There is no 
occaſion to fear any alteration in the convexity of this tool 
by working the metal upon it, for the emery will bed itfelf 
in the lead; and ſo far arm the ſarface of it, that it will 
preſerve its figure and cut the metal very faſt. ' Any kind 
of a low handle, fixed on the back of the metal with ſoft 
cement, will be ſufficient ; but it ſhould cover two thirds 
of its back to prevent its bending. ' This way of working 
will cut the metal tolerably faſt, and with more truth than 
any other method yet deſcribed. LET 
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When all the ſand-holes and irregularities on the face of 
the metal are ground off, and the whole ſurface is ſmooth 
and regularly figured, the Speculum 1s then ready for the 
braſs grinder, and muſt be laid aſide for the preſent, 


The Manner of forming the Braſs grinding Tool. 


Procurea round ſtout piece of Hamburgh braſs, at moſt, 

a ſixth part larger than the metal to he poliſhed, and let it 
be well hammered into a degree of convexity (by the aſſiſ- 
tance of a gage) ſuitableto the intended Speculum. Hav- 
ing done this, ſcrape and clean the concave ſide fo tho- 
roughly, that it may be well tinned all over ; then caſt upon 

it, after it has been preſſed a proper depth into the ſand, 

the former compoſition of tin and lead, in ſuch quantity, 
that it may (for a Speculum of four inches diameter) be at 

leaſt an inch and an half thick, and with a baſe conſiderably 
broader than the top, in order that it may ſtand firmly upon 

the bench, in the manner hereafter to be deſcribed. This 

being done, it_muſt be fixed and turned 1n the lathe with 

great care, and of ſuch a convexity as exactly to ſuit the 

concave gage, which we : ſuppoſe already made. It will be 

neceſſary to be more careful in forming this than the former 
tool, and eſpecially that no rings be left from the turning, 
nor will the ſucceeding hone tool require ſo much exact- 
neſs, as any defects in turning will, by a method hereafter 
mentioned, be eaſily remedicd ; but any inequality or want 
of truth in the braſs tool, will occaſion a great deal of 
trouble before it can be ground out by the emery. This 
tool muſt havea hole (ſomewhat leſs than that of the metal 


to be worked upon it) in the middle, quite through to the 
bottom, 
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bottom. When this tool is finiſned off in the lathe, its 
diameter ſhould be one- eighth wider than the metal. 


How to form the bed of Hones, or third Tool. 


HAVING choſen the beſt blue-ſtone, ſuch as clock- 
makers uſe in poliſhing up their work (taking great care 
that there be no red veins in it, for ſuch yeins are gene- 
rally hardeſt, therefore, will prevent its wearing equal) it 
muſt be then cemented to a piece of ſtone or metal; if the 
blue-ſtone cannot be procured, as large as is required, in one. 
piece, it may be joined together with cement, to the fize 
required; after which, you muſt ſaw it into 4 inch ſquares, 
and about one-eighth of an inch below the face of the 
ſtone, f in order to carry off what wears off the ſtone, and 
likewiſe what grinds off the metal, The bed of hones 
ſhould be one-fourth part larger than the metal which is 


ground upon it, and turned as true as poſſible to a gage in 
a turner 5 lathe. 


The Manner of forming the Bruiſer, the fourth and laſt 
Tool. | 


IIS tool ſhould be likewiſe made of thick ſtout braſs, 
like the former, perfectly ſound, about a quarter of an inch 

thick, hammered as near to the gage as poſſible, It. 
ſhould be then ſcraped, cleaned, and tinned on the convex 
ſide, as the former tool was on the concave, and the ſame 
thickneſs of lead and tin caſt upon it. The general ſhape 
of this ſhould differ from the former; for as that increaſed 
in diameter at the bottom for the » ne of ſtanding firmly, 
ſo 
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ſo this ſnould be only as broad at bottom as at top, as it is 
to be uſed occafionally in both theſe poſitions. When 
this tool is fixed in the lathe, and turned off concave to 
the convex gage with great truth, its diameter ought like. 
wiſe to be the middle ſize between the hones and the ye 
liſher, 9 GIGS 


1 the lathe roughly formed the convex braſs 
| grinder, the beds of Hones, and the concave bruiſers, the 
convex and concave braſs tools, and the metal, they muſt 


be wrouglit alternately and reciprocal! y 1 ypon each other, 


Vith ſine emery and water, ſo as to keep. them as nearly to 
the ſame figure as poſſible, in order to Which, ſome waſhed' 


emery muſt be procured. This 1s beſt done by putting i it 


into à phial, Which muſt be half filled with water, and 
welt ſhaken up, ſo that, as it ſubſides, the coarſeſt may 
fall to the bottom firſt, and the fineſt remain at the n 
and whenever freſh emery is laid on the tools, the beſt 
method (which we thould always obſerve with the putty” 


in poliſhing) will be to ſhake the bottle gently, and pour 


out a ſmall quantity of the turpid mixture, 


7 rind the Stern, the Braſs e and the B "OT 
: | together. 


Ah the tools being ready, upon a firm poſt in the middle 
of a room, you are to begin to grind the convex. tool 
with the btuiſer upon it, working the latter croſs-ways.. 
with ſtrokes ſometimes acroſs its diameter, at others a 
little to the right and left, and always fo ſhort, that the 


btuĩſer may not paſs above half an inch within the ſurface 


of the braſs tool, either way, ſhifting the bruiſer round its 
axis 
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likewiſe every. nom and then, ſhift your awn poſition by 
walking round, and working at different, ſides of the 
braſs tool, at the times the ſtrokes ſhould be carried round 
and round, but not much over the tool: in ſhort, they muſt 
be directed in ſuch a way, and the whole grinding con- 
ducted in ſuch a manner, and with ſuch equability, that 


every part of both tools may wear equally. This habit of 


grinding, as well as the future one of poliſhing, may be ſoon 
acquired, 


When you hives wrought in this manner abouta quarter 
ofan hour with the bruiſer upon the tool, it will be then 
neceffary to change them, and, placing the bruiſer upon 
its bottom, to work the convex tool upon that in the ſame 
manner. : 


When by working in this equable manner alternately 
with the bruifer and tool, and occaſionally adding freſh 
emery, you have nearly got out all the veſtiges of the turn- 
ing tool, and brought them both nearly to a figure, it will 
be then time to give the fame form to the metal, Fhis 


muſt be done by now and then grinding it upon the braſs | 


tool with the fame kind of emery, taking care, however, by 
working the two former tools frequently together, to keep 
all three exactly in the fame curve. Fhe beſt kind of han- 
dle for the metal is made of lead, a little more than double its 
thickneſs, and ſomewhat leſs in diameter, of about three 
pounds weight, with a hole in the middle a little larger 
than that in the metal: this handle ſhould be cemented 


on with'pitch. The upper edge of this weight muſt be 
rounded off, that the Py may not be hurt; and a groove 


XIV. about 
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about the bigneſs of the little finger, be turned round juſt 
below it, for the more conveniently On and A the 
metal off the tools. 


| | 9 
The Manner of Figuring the Metal upon the Hones. 


WHEN the bruiſer, braſs tool, and metal, are all 
brought to the ſame figure, and have all a good ſurface, the 
next part of the proceſs is to give a correct ſpherical figure, 
and a fine face to the metal, upon the hones. It will be 
neceſſary to premiſe, however, that the hones ſhould be 
placed in a veſſel of water, with which they ſhould be quite 
covered for at leaſt an hour before they are uſed, otherwiſe 
they will be perpetually alter ing their figures when the metal 
comes to be ground upon them. The ſame precaution is 
alſo neceſſary, if you are called off from your work while 
you are grinding the metal, for if they be ſuffered to N 
dry, the lame 1 inconvenience will ariſe, 


In order to give a proper figure to the hones, and ex- 
actly ſuitable to that of the braſs tool, bruiſer, and metal. 
when the hones are fixed down to the block, ſome common 
flour of emery (unwaſhed) with a good deal of water, 
muſt be put upon them, and the bruiſer being placed upon 
the hones, and rubbed thereon with a gentle ſtroke and a 
Iight hand, the inequalities of the ſtone will be quickly 
worn off; but as a great deal of mud will be ſuddenly ge- 
nerated, it muſt be waſhed off every quarter of a minute, 
with a great deal of water. By a repetition of this two or 
three times, the hones (being of a ſoft and friable ſubſtance) 
will be cut down to the figure, without much wearing or 

altering 
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altering the bruiſer. Though buſineſs may be quickly 
done, and can be continued but for a few-ſtrokes at a time; 
I need not ſay, that it is neceſſary that thoſe ſtrokes be 


carried in the ſame direction, and with the ſame care 


which was obſerved in grinding the two former tools tage 
ther. 


As ſoon as the hones have received the general figure 


of the bruiſer, and all the turning ſtrokes are worn out 


from them, the emery muſt be carefully waſhed off; in 
order to which, it will be neceſſary to clear it from the 


joints, with a bruſh, under a ſtream of water. The bruiſer 
and metal muſt be likewiſe cleared in the ſame manner, 
and with equal care, from any lurking particles of emery. 


The hones being fixed down to the block, you now 
begin to work the bruiſer upon them, with very cautious, 
regular, ſhort ſtrokes, forward and backward, to the right 
and left, turning the axis of the bruiſer in the hand while 
you move round the hones, by ſhifting your poſition, and 
walking round the block. Indeed the whole now depends 
upon a knack in working, which ſhould be conducted 
nearly in the following manner: having placed the bruiſer 
on the center of the hones, ſlide it in an equable manner 
forward and backward with a ſtroke or two directly acroſs 
the diameter, a little on one ſide, and ſo on the other; then 


ſhifting your poſition an eighth part round the block, ard 


having turned the bruiſer in your hand about as much, 
give .it a ſtroke or two round and round, but not far over 
the edges of the hones, and then repeat the croſs ſtrokes as 
before: thoſe. round ſtrokes (which ought not to be above 
two or three at moſt) are given every time you ſhift your 

P2 own 
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own poſition, and that of the tnetal, previous to tlie croſs 
ones, in order to tate out any ſtripes either in the hones or 
bruiſer, which may be ſuppoſed to be cecaſtoned by the 
ſtraight croſs ſtrokes. During tlie time of working, no mud 
muſt be ſuffered to collect upon the hones, ſo as to deſtroy 
the perfect contact between the two tools; and tlierefort 
they muſt every now and then be waſhed clean, by throw- 
ing ſome water upon them. When by working in this 
manner, all the emery ſtrokes are ground off from the 
bruiſer, and it has acquired a good figure and clean ſurfuce, 
you may then begin with the metal upon the hones, in the 
fame cautious manner, waſhing off the mud as faſt us it 
collects, though that will be much ſeſs now than when tlie 
bruiſer was ground upon them. Every now and then, 
however, the bruiſer muſt be rubbed gently and lightly upon 
the hones, which will as it were, by ſharperting them, and 
preventing t60'great '{movthnels, occaſion them to cut the 
metal much Fiſter, 


When, after having ſome tinte cautiouſly wrought in tlie 
manner before deſcribed, the hone pavement has uniforinly 
taken out all the emery:ſtrokes, and given u fine face ani 
true figure to the metal, which will be pretty well known 
'by 'the great equality 'thete is in the feel while ybu are 
working, and by whictran experienced workhian'will fofth 
a pretty certain judgment; having proceeded tlius far, I 
iy, yo hay then try your metal, anti judge of its figure by 
this more certain manner. 


Work the - h6nie-payeriienit iquite elean' ; then put the 
metal upon the center of it, and give two or three light 
ſtrokes Wund and round onhy, not catryiug, however, e 
edges 
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edges of the metal much oer the hones ; this will take out 
the order of ſtraight ſtrokes ; then having again waſhed the 
hones, und placed the ſpeculum upon their center, with a 
gentle preſſure, ſlide it io-wards you, till its edge be brougit 
a little over that of the hones ; then carry it quite acroſs the 
diameter us far as the other fide, and having given the metal 
a light ſtroke or two in this direction, take it off the tool. 
Ihe metal being wiped quite dry, place it upon a table at a 
little diſtance from a window; ſtand ꝓyourſulf as near the 
window at ſome diſtunde from the metal, and looking ob- 
liquely on its ſurface, turn it round its uus, and you will 
fee at every half turn the grain given by the haſt croſs ſtrokes 
flaſh upon your eye at ones, over the whole face of the 
metal. This is a certain proof of a true ſpherical figure : 
For as there is nothing ſoft or elaſtic, either in the metal or 
in the Hones, tliis glare is a certain proof of a perfect con- 
tact in every part of the tWo'ſutfaces ; which there could 
ndt be, if the ſpheres were not both perfect and prxciſely tie 
ſame. 


Indeed there is one aceidental eireumſtanee which ne- 
eeſmirily affords its aid in this and every i buſineſs of the like 
ſort; and this is, that a concave and convex ſurface ground 
together, though ever ſo irregular at firſt, will (if the 
'workitig be uniform and proper, eonſiſting, eſpecially at 
gaſt, of croſs ſtrokes in every direction acroſs the diameter) 
we formed into portions: of true and equal ſpheres; had it 
not been for this lucky neeeſſity, it would have heen im- 
poſſible to have produced that eorrectneſs which ĩs eſſential 
in the ſpeculum of a good reflecting teleſcope by any mecha- 
'nic*contrivarice Whatever. Fer when it is conſidered that 
tlie errors in reflection are four times as great: as in; reftac- 

tion, 
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tion, and that the laſt defect in figure is magnified by the 
powers of the inſtrument ; any thing ſhort of perfection in 
the figure of the ſpeculum, would be evidently perceived * 
a want of diſtinctneſs in the g N 


I muſt not, "RNA quit this ants without obſerving, 
that I all along ſuppoſe, both in forming the tools, and at 
laſt figuring the metal (and indeed the ſame muſt be ob- 
ſerved in the future proceſs of poliſhing) that no kind of 
preſſure is uſed that may endanger the bending, or irregu- 
larly grinding them; they ſhould, there ore, be held with a 
light hand, and looſely between the fingers, and the motion 
given ſhould be in an horizontal direction, with no more 
preſſure than their own dead weight. 


Having now finiſhed the metal on the hones, and ren- 
dered it both in point of figure and ſurface, fit for the laſt 
and moſt effential proceſs, viz. that of poliſhing, I will 
deſcribe it in the beſt manner I can ; though many little 
circumſtances which are unavoidably omitted (and which, 
at the ſame time, are frequently eſſential to the ſucceſs of 
a mechanic proceſs) can only be ſupplied by actual experi- 
ence.” 


The poliſhing of the ſpeculum is the moſt difficult and 
eſſential part of the whole proceſs ; for every experienced 


-workman knows, to his vexation, that the moſt trifling 


error here will be ſufficient to ſpoil the figure of his metal, 
and render all his preceding caution uſeleſs. 


I ſhall explain a method not only of giving the metal a 


parabolic figure, but alſo of recovering it when it happens 
to 
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to be injured; both to be effected in the act of poliſhing, 
and the former as — as _ ſpherical n is given 
on the hones. 


Indeed, if we conſider rightly, ,oliſhing will be perceived 
to be but a kind of grinding with a finer order of ſtrokes, 
and with a powder infinitely finer than what was before 
| uſed in what was commonly called the grinding. 


How to polich the Speculum. 


IT is neceſſary to obſerve, that in order to avoid the 
detrimental intruſions of any particles of emery, it would 
not be right to poliſh in the ſame room where the metal 
and tools were ground, nor in the ſame clothes which 
were worn in the former proceſs ; at leaſt, it would be ne- 
ceſſary to keep the bench * wet, to prevent * duſt 
from riſing. | 


nin then made the poliſher by coating the braſs con- 
vex too equally with pitch, which we ſuppoſe ſmoothed and 
finiſhed with the braſs tool in the manner before deſcribed, 
and which is a very eaſy proceſs; the whole operation is 
begun and finiſhed in the following manner: , 


The leaden weight or handle upon the back of the metal 


ſhould be divided iato eight parts, by ſo many deep ftrokes 
of a graver upon the upper ſurface of the lead, making each 


ſtroke with the numbers 1, 2, 3, 4, and ſo on, that the 


turns of the metal in the hand may be known to be uni- 
form and regular, 
| To 
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To prevent any miſchief frem coarſe particles of putty, 
E always waſh, it wanediately before uſing: in orden to 
this, put about half an ounce of putty into, an quace phiah 
and fill it two thirds with water; then having ſhaken the 
whole, let the putty fubſide, and flep the bottle with a 
cark, 


In a tea- cup, With a little water, there ſhould be a full- 
ſized camel's-hair bruſh, and a piece of dry clean ſoap in 
a gally-pot :, a ſoft piece of ſponge will alſo be neceſſary. 
Theſe, as well as the metal bruiſer and poliſher, ſhould be 
conſtantly covered from duſt, 


The poliſher being fixed dawn, and the camel's-hair 
bruſh, being firſt wetted and rubbed a little over the foap, 
let every» part of the tool be bryfhed over therewith ; 
then work the bruiſer with ſhort, firaight, and round 
ſtrokes, lightly upon the tool, and continue to do ſo, now 
and then turning it, till the poliſher have a goqd face, and + 
be fit for the metal. Then having ſhaken up the putty in 
the phial, and touched the polither in five or fix places with 
the cork wetted with that and the water, place the bruiſer 
upon the tool, and give a few ftrokes upon the putty to rub 
down any gritty particles; after which, having removed it, 
work the metal lightly upon the poliſher round and round, 
carrying the edges of the ſpeculum, however, not quite half 
an inch over the edge of the too}, and naw and then with a 


croſs ſtroke. 


Tue firſt putty, and indeed all the ſuceceding applications 
of it, ſhould be wrought with a conſiderable while ; for if 
time be not given for the putty to bed itſelf in the pitch, and 

any 
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any quantity of it lie looſe upon the poliſher, it will ac- 
cumulate into knobs, which will injure the figure of 


the metal: and therefore as often as ſuch knobs ariſe, 


they muſt be carefully ſcraped off with the point of a pen- 
knife, and the looſe ſtuff taken away with a bruſh. After 
the putty is well wrought into the pitch, ſome more may 
be added in the ſame manner, but never much at a time, 
always remembering to work upon it firſt with the bruiſer, 
for fear any gritty particles may find their way upon the 
poliſher. If the bruiſer be apt to ſtick, and do not ſlide 
ſmoothly upon the pitch, the ſurface of either tool may be 
occaſionally bruſhed over with the ſoap. and water, but it 
muſt be remembered, that the wet bruſh muſt be but ſlight- 
ly rubbed upon the ſoap. 


In the beginning of this proceſs little effect is produced; 
and the metal does not ſeem to polith faſt, in ſome mea» 
ſure owing to its taking the poliſh in the middle, and per- 
haps becauſe neither that nor the bruiſer move evenly upon 
the poliſher : but a little perſeverance will bring the whole 
into a good temper of working; and when the pitch is well 
defended by the coating of the putty, the proceſs will ad- 
vance apace, and the former acquiring poſſibly ſome little 
warmth, the metal moves more agreeably over it, with an 
uniform and regular friction. All this while the metal 
muſt have no more preſſure than that which it derives from 
its own weight, and that of the handle ; and the poliſher 
muſt never be ſuffered to grow dry, but as often as it has a 
tendency to do fo, the edges of it muſt be moiſtened with 
the hair pencil ; and now and then, even when freſh putty 
is not laid on, the ſurface of the poliſher ſhould be touched 


with the bruſh to keep it moiſt, 
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When the poliſh of the metal nearly reaches the edgs 
(for it always, as I faid before, begins in the middle) yow 
muſt alter the method of working; for now the round 
ſtrokes muſt be gradually altered for the ſhort and ſtraight 
ones. Suppoſing then you are juſt beginning to alter them 
after having put on freſh putty, and gently rubbed it with 
two or three ſtrokes of the bruiſer, you place the metal on 
the tool, and after a ſtroke or two round and round, give 
it a few forward and backward, and from fide to fide, but 
with the edges very little over the tool ; then having turned 
the metal one eighth round in your hand, and having moved 
yourſelf as much round the block (which muſt be remem- 
bered throughout the whole proceſs) you go on again 
with a ſtroke or two round, to lead you only to the croſs 
ſtrokes, which are now to be principally uſed, and with 
more boldneſs. After this has been done ſome time, the 
metal will begin to move ſtifly, as the friction now in- 
ereaſes, and the fpeculum poliſhes very beautifully and faft 
and the whole ſurface of the poliſhing tool will be equally 
covered over with a fine metallic bronze. Ihe tool even now 
muſt not be ſuffered to become dry; a fingle round flroke in 
each of your ſtations and turnings of the metal will be fuf- 
ficient, and the reſt muſt all be croſs ones, for we are com< 
pleting a circular figure. You muſt now be very diligent; 
for the poliſher drying, and the friction increaſing very faſt, 


the buſineſs of the ſpherical figure is nearly at an end. As 


the metal wears much, its ſurface muſt be now and then 
cleaned with a piece of ſhammy leather, from the black 
ſtuff which collects upon it; and the poliſher likewiſe from 
the fame matter, with a ſoft piece of wet ſponge. You 
will now be able to judge of the perfect ſpherical figure of 


the metal and tool, when there is a perfect correſpondence 


between the ſurfaces, by the fine equable fee] there is in 
working 
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working, which is totally free from all jerks and inequali- 
ties. Having proceeded thus far, you may put the laſt finiſh- 
ing to this figure of the metal by bold croſs ſtrokes, only 
three or four in the directions of each of the eight diame- 
ters, turning the metal at the ſame time: this mult be done 
quickly, for it ought, in this part of the proceſs particu- 
larly, to be remembered, that if you permit the tool to 
grow quite dry, you will never be able, with all your 
force, to ſeparate that and the metal, without deſtroying 
the poliſher by heat, 


The metal has now a beautiful poliſh and a true ſpherical 
figure, but will by no means make a ſharp diſtinct image 
in the teleſcope : for the ſpeculum (if it be tried in the man- 
ner hereafter recommended) will not be found to make 
parallel rays converge without great aberration; indeed, 
the deviation will be fo great, as to be very ſenſibly per- 
ceived by a great indiſtinctneſe in the image. 


It is here neceſſary to remark, that there muſt be a hole 
through the middle of the poliſher, a little leſs than the 
hole in the metal, otherways the hole in the metal would 
collect the pitch towards the middle, and hence it would 


be impoſſible to make a good figure. 


| Haw to giue the Parabolic Figure to the Metals, 


In order then to give the ſpeculum the laſt and finiſhing 
figure, which is done by a few ſtrokes, it muſt be particularly 
| remarked, that by working the metal round and round, the 

ſphere of the poliſher by this means growing leſs, it wears 
faſteſt in the middle: and as a ſegment of the ſphere may 
Q 2 become 
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become parabolic, by opening the extremes gradually from 
within outwards, ſo it may be equally well done by inereaſ- 
-4 ing the curvature in the middle, in a certain ratio, from 
without inwards, 


"Aa then the metal to be now truly ſpherical, 
ſtop the hole in the poliſher, by forcing a cork into it 
underneath, about an inch, ſo that it do not reach quite to 
the ſurface ; and having waſhed off any mud that may 
be on the ſurface of the tool, with a wet ſoft piece of ſponge, 
whilſt the ſurface of it is a little moiſt, place the center of the 
metal upon the middle of the poliſher ; then having, with 
the wet bruſh, lodged as much water round the edge of the 
metal as the projecting edge will hold, fill the hole of the 
metal and its handle with water, to prevent the evaporation - 
of the moiſture, and the conſequent adheſion between the 
ſpeculum and poliſher, and let the whole reſt in this ſtate 
two or three hours: this will produce an intimate contact 
between the two; and by parting, with any degree of warmth 
they may have acquired by the vicinity of the operator, 
they will grow perfectly cold together. 


By this time you may puſh the cork from the po- 
liſher, to diſcharge the water, and give the metal the pas 
Tabolic figure in the following manner: 


Move the metal gently and ſlowly at firſt, a very little 
round the center of the poliſher (indeed after this reſt it will 
move ſtifly) then increaſing by degrees the diameter of 
theſe ſtrokes, and turning the metal frequently round its 
axis, give it a larger circular motion, and this without any 
preſſure but its own weight, and holding it looſely between 


the 
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the fingers: this manner of working may ſafely be con- 
tinued about two minutes, moving yourſelf as uſual round 
the block, and carrying the round ſtrokes in their increaſed 
and largeſt ſtate, not more than will move the edge of the 
metal half an inch or five-eighths over the tool. The ſpe- 
culum muſt not all this while be taken off from the polither 
and conſequently no freſh putty can be added. It will not 
be ſafe to continue this motion longer than the time above- 
mentioned ; for if the parabolic tendency be carried the, 
leaſt too far, it will be impoſſible to recover a true figure of 
that kind, but by going through the whole proceſs for the, 
ſpherical one in manner before deſcribed, by the croſs ſtrokes 
upon the poliſher, which takes a great deal of time. How- 
ever, when there is occaſion, it may be done; and I have 
myſelf ſeveral times recovered the circular figure, when 1 
had inadvertently gone too far with the parabolic, and 
ultimately finiſhed the metal on the poliſher without the uſe 
of the hones. 


Ti try the trus Figure of the Metal. 


IT will now be proper to try the figure of the ſpecu- 
lum, and that is always beſt done by placing it in the tele- 
ſcope it is intended for. In order to this, I uſe the inſtru- 
ment as a kind of microſcope, placing the object, however, 
at ſuch a diſtance that the rays may be nearly parallel. At 
about twenty yards a watch paper, or ſome ſuch ohject, 
on which there are ſome very fine ſtrokes of a graver, 
is fixed up. The lead muſt be then taken off from the 
back of the ſpeculum, which is beſt done by placing the 
edge of a knife at the junction of the lead and metal, when, 


by 


n = 
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by ſtriking the back of. it with a ſlight blow, the pitch ina 
mediately ſeparates, and the handle drops off; the remain. 


ing pitch may be ſcraped off with a knife, taking care that 


none of the duſt ſtick to the poliſhed face of the metal. 


Having placed the fpeculum in the cell of the tube, and 
directed the inſtrument to the object, make an annular 
kind of diagram with card paper, ſo as to cover a ctr- 
cular portion of the middle part of the metal between the 
hole and the circumference, equal in breadth to about an 
eighth part of the diameter of the ſpeculum : this paper 
ring ſhould be fixed in the mouth of the teleſcope, and re» 
main ſo during the whole experiment, for the part of the 
metal covered by it, is ſuppoſed to be perfect, and therefore 
unemployed. | 


There muſt likewiſe be two other circular pieces of card 
paper cut out, of ſuch ſizes, that one may cover the center 
of the metal by completely filling the hole in the laſt de- 
ſcribed annular piece; and the othcr, ſuch a round piece as 
ſhal! exactly fill into the tube, and fo broad, as that the inner 
edge juſt touch the outward circumference of the middle 
annular piece. It would be convenient to have theſe two 
pieces fo fixed to an axis, that they may be put in their 
places, or removed from thence ſo eaſily, as not to diſplace 
or ſhake the inftrument. All theſe pieces therefore, to- 
gether, will completely mut up the mouth of the teleſcope. 


Let the round piece which covers the center of the 
metal, or that which has no hole in it, be removed; and, 
by a nice adjuſtment of the ſcrew, let the image (which is 
now formed by the center of the mirror) be as ſharp and 
diſtinct as poſſible, This being done, every thing elſe re- 

maining 
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maining at reſt, replace the central piece, and remove the 
outſide annular one, by which means the circumference 
only of the ſpeculum will be expoſed, and the image now 
formed will be from the rays reflected from the outſide of 
the metal. If there be no occafion to move the ſcrew and 
little metal, and the two images formed by theſe two por- 
tions of the metal be perfectly ſharp, and equally diſtinct, 
the ſpeculum is perfect, and of the true parabolic curve; 
or at leaſt the errors of the great and little ſpeculum, if 
there be any, are corrected by each other, 


If, on the contrary, under the laſt circumſtance, the. 
image from tlie outſide of the metal ſhould not be diſtin&, 
and it ſhould become neceſſary, in order to make it ſo, that 
the little ſpeculum be brought nearer, it is plain that the 
metal is not yet brought to the parabolic figure; but if, on 
the other hand, in order to procure diſtinctneſs, you be 
obliged to move the little ſpeculum farther off, then the 
figure of the great ſpeculum has been carried beyond the 
parabolic, and hath aſſumed an hyperbolic form. When 
the latter is the caſe, the circular figure of the metal muſt 
be recovered (after having fixed on the handle with the ſoft 
pitch) by bold ſoft ſtrokes upon the poliſher ; indeed, a 
very few of them in the manner before deſcribed make in 
effect a greater difference in the ſpeculum than would be 
at firſt imagined. If a metal of a true ſpherical figure 
were to be tried in the above-mentioned manner in the 
teleſcope, which I have frequently done, the difference of 
the foci of the two ſegments of the metal would be ſo con- 
ſiderable, as to require two or three turns of the forew to 
adhuſt them; fo very great is the abberration of a ſpherical 
figure of the ſpeculum, and fo improper to procure that 

 dharpnets 
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ſharpneſs and preciſion ſo neceſſary to a good reflecting 
teleſcope. 


This is by no means the caſe of the object glaſſes 
of the refractors; for beſides that they are in fact never ſo 
diſtin& as well finiſhed reflectors, the apertures of them 
are ſo exceedingly ſmall, compared to the latter, and the 
number of the degrees employed ſo very ſmall, that the in- 
convenience of a ſpherical figure is not ſo much perceived. 
Accordingly, we obſerve in the generality of reflectors 
whoſe ſpecula, unleſs by accident, are always ſpherical, 
that the only true rays which form the diſtinct image ariſe 
from the middle of the metal: and unleſs the defect be 
remedied by a conſiderable aperture, which deſtroys much 
light, the falſe reflection from the inſide ef the metal pro- 
duces a greyiſh kind of hazineſs, which is never ſeen in 
Mr. Short's, or indeed in any good teleſcopes. 


Suppoſing that the two foci of the different parts of the 
metal perfectly coincide, and that, by the union of them 
when the apertures are removed, the teleſcope ſhews the 
objects very ſharp and diſtinct, you are not however even 
then to conclude that the inſtrument is not capable of far- 
ther improvement; for you will perceive a ſenſible diffe- 
rence in the ſharpneſs of the image, under different poſi- 
tions of the great ſpeculum with reſpect to the little one, 
by turning round the great metal in its cell, and oppoſing 
different parts of it to different parts of the little metal, cor- 
recting by this means the error of one by the other. This 
attempt ſhould be perſevered in for ſome time, turning 
round the great ſpeculum at about one ſixteenth at a time, 
and carefully obſervi- g the moſt diſtinct ſituation each time 
the eye piece is _ ewed on: when by trying and turning 

the 
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the great metal all round, the diſtincteft poſition is diſco- 
vered, the upper part of the metal ſhould be marked with 
a black ſtroke, in order that it may always be lodged in 
the cell in the ſame poſition. -- This is the method Mr. 
Short always uſed ; and the caution is of ſo much conſe- 
quence, that he thought it neceſſary to mention'it very 
particularly in his printed directions for the uſe of the in- 


ſtrument. | 
2 
And farther, Mr. Short frequently corrected the errors 
of the great by the little metal in another way. If the 
great ſpeculum did not anſwer quite well in the teleſcope, 
he cured that defect ſometimes by trying the effect of ſe- 
veral metals ſucceſſively, by this means correcting the er- 
rors of one by the other; for in ſeveral of his teleſcopes 
which have paſſed through my hands, when the fizes and 
powers have been the ſame, I have found that the great 
metals, though very diſtinct in their proper teleſcopes, yet 
have, when taken out and changed from one to the other, 
ſpoiled both teleſcopes, rendering them exceedingly in- 
diſtin ; which could ariſe from no other circumſtance, 


To return. A little uſe in working will make the whole 
of the proceſs of grinding and poliſhing very caſy and 
certain; for though I have endeayoured to be as particu- 
lar as I can (I am almoſt afraid too much ſo) it is yet 
ſcarcely poſſible to ſupply a want of dexterity ariſing from 
habit only, by the moſt laboured and minute deſcription. 
And though the above account may appear irkſome to the 
reader, as it lies cold before the eye, Iam very ſure, who- 
ever attempts to make the inſtrument, will not complain of 


it as tediouſly particular, 


No. XVI. R I will, 
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I will, however, farther remark, that when the metal 
begins to move ſtiffly upon the poliſher, and particularly 
when the figure 1s almoſt brought to the parabolic form, it 
will be neceſſary to fix the elbows againſt the fides, in order 


to give momentum and equability to the motion of the 
hand by that of the whole body. 


The fame poliſher will ſerve for ſeveral metals, if it be 
ſomewhat warmed when you begin to uſe it, 


There is another circumftance, and a material one too, 
which muſt not be omitted; it is this: For the very ſame 
teaſon that the pitch ſhould not be too hard or ſoft, the 
work will not proceed well in the heat of ſummer, or cold 
of winter: in the latter, it may be poſſible to remedy the 
defect by having the room warmed with a ſtove ; and in 
the ſummer, the other inconvenience may perhaps be 
avoided by uſing a harder kind of pitch; but I much doubt 
in either caſe whether the work will go on ſo kindly, I 
have myſelf always wrought in ſpring and autumn, 


The proceſs of poliſhing, and indeed grinding upon the 
hones, will not go on ſo well if it be not continued unin- 
terruptedly from beginning to end] for if the work of ei- 
ther kind be left but for a quarter of an hour, and you 
then return to it again, it will be ſome time before the tool 
and metal can get into a kindly way of working ; and till 
they do, you are hurting what was done before. 


I cannot conclude without indulging myſelf in an ob- 
ſervation on the amazing ſagacity of Sir Iſaac Newton in 
every ſubject upon which he thought fit to employ his at- 

| tention, 
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tention. It was he who firſt propoſed, and indeed prac- 
tiſed poliſhing with pitch: a ſubſtance which at firſt fight 
perhaps every one but himſelf would have thought very im- 
proper, from its ſoftneſs, to produce that correctneſs of 
figure ſo neceſſary upon theſe occaſſons: yet, he poliſhed 
ſeveral obje&-glaſſes for refracting teleſcopes, and mended 
many more with it; and I do believe that it is the only 
ſubſtance in nature that is perfectly well calculated for the 
purpoſe ; for, at the ſame time that it is ſoft enough to 
ſuffer the putty to lodge very freely on its ſurface, and for 
that reaſon to give a moſt tender and delicate poliſh; it is 
likewiſe totally inelaſtic, and therefore, never from that 
principle, ſuffers any alteration in the figure you give it. 
If the firſt makers of the inſtrument, therefore, had given 
proper credit to, or had fimply followed the hint Sir Iſaac 
gave, itwould have ſaved them infinite trouble, and the 

would have produced much better inſtruments ; but the 
pretended refinement of drawing a tincture from pitch 
with ſpirits of wine, affords you only the reſinous, hard, 

and untraQable part of the pitch, diveſted of all that part 
of its original ſubſtance which 1s neceſlary to give it that 
accommadating pliability in which its excellence conſiſts, 


It is needleſs. to ſwell this account with a detail of the 
proceſs for poliſhing the little ſpeculum, as it muſt be con- 
ducted in the ſame manner which has been already deſeri- 
bed in that of the large one; only obſerving, that as the 
little metal has an uninterrupted face, without a hole, fo 
there is no occaſion for one in the poliſher ; and likewiſe 
that, as a ſpherical figure is all that need here be practi- 
cally attempted, ſo the difficulty in finiſhing is infinitely 
ſhort of that of the other, 


a 
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Ass it is always neceſſary to ſolder to the back of the 
little ſpeculum a piece of braſs, as a fixture for the ſcrew 
to adjuſt its axis, I ſhall juſt hint a ſafe and neat method of 
doing it, which may be very uſeful to the optical or mathe- 
matical inftrument-maker upon other occaſions, Having 
cleaned the parts to be ſoldered very well, cut out a piece 
of tinfoil the exact ſize of them; then dip a feather into a 
pretty ſtrong ſolution of a ſal ammonic in water, and rub 
it over the ſurfaces to be ſoldered; after which, place the 
tinfoil between them as faſt as you can (for the air will 
quickly corrode their ſurfaces, ſo as to prevent the ſolder 
taking) and give the whole a gradual and ſufficient heat to 
melt the tin, If the joints to be ſoldered have been made 
very flat, they will not be thicker than a hair: though the 
ſurfaces be ever ſo extenſive, the ſoldering may be con- 
ducted in the ſame manner, only that care muſt be taken, 
by gentle preſſure, to keep them cloſe together, In this 
manner, for inſtance, a filyer graduated plate may be ſol- 
dered on the hraſs limb of a quadrant, ſo as not to be 
diſcernible by any thing but the different colours of the 
_—_ tz. 1 e 


A Diſeription of the Grinding Tels, and the Apparatus for 
aſcertaining the true Figure of the Speculum. 


IHE grinder for working off the face of the metal. 
The black ſtrokes repreſent deep grooves made with a 
graver. Fig. 3. RD | 


The bed of hones, which is to complete the ſpherical 
figure of the ſpeculum, and to render its ſurface fit for the 
poliſher. Fig. 4. 


An 
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An apparatus for examining the parabolic figure of the 
ſpeculum, Fig. 5. 
AA, the mouth of the teleſcope, or edge of the great 
tube, | 


BB, a thin piece of wood, faſtened into, and fluſh with 
the end of the tube; to which'is permanently fixed the 
annular piece of paſteboard C C, intended to cover, and 
to prevent the action of the correſponding part of the ſpe- 
culum, W 


D, another piece of paſteboard, fixed by a pin to the 


piece of wood B B, on which it turns on a center; ſo that 
the great annular opening HH, may be ſhut up by the 
ring E F, or the aperture G G, by the imperforate F, 
in ſuch manner, that, in the firſt inſtance, the reflection 


may be from the center, and, in the latter, from the cir- 


cumference of the great ſpeculum. 


To grind and poliſh Concave Lenſes for Preſpect - Glaſſes, Se. 


PLACE an arbor or mandrill in a turner's lathe, 
whereon you can fix leaden wheels of what dimenſion 
you pleaſe ; ſuppoſe one, two, or three inches diameter, 
and three-eighths, or half an inch thick (which are com- 
mon ſizes for making the above mentioned inſtruments) 
you then prepare the glaſs by chipping it round with a pair 
of large ſciſſars, or ſmall ſhears, to the fize you want it, 
and either cement it to the end of a little ſhort block of 
wood made for that purpoſe, or hold it looſe in your fingers 
upon the edge of the wheel, it having emery and water 
conſtantly 
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conftantly applied to it all the while you are grinding. In 
holding the glaſs, you muſt preſs moderately upon it, and 
keep turning it backward and forward all the time, ſo that 
it may have a true figure, When you have ground it deep 
enough, and you can obſerve no defect in its ſpherical 
figure, you muſt apply no more emery, but ſtill keep work- 
ing it upon the tool with a very light hand, It would ftill 
be much better if you had another wheel of the ſame dia- 
meter, on which you might apply a little ground pumice- 
Kone, in order to take out the ſtrokes or ſcratches made 
by the emery. When you perceive it to be in a proper 
ſtate for poliſhing, which you may do by examining it 
through a magnifying glaſs, and if no ſcratches nor holes 
appear, it is then ready for the poliſhing wheel, which is 
made of wood, the exact fize of the wheel, on which it 
was ground, and a piece of clean linen cloth faſtened dou- 
ble round its edge; then apply putty moiſtened with water, 
and work it in the ſame manner as when you ground it; 
and, in a few minutes, you will perceive it to have an ex- 
cellent poliſh, | 


To grind Convex Lenſes fo Microſcopic Objeft-Glaſſys, 
Eye-Glaſſes, &c, 


Firſt, provide an upright ſpindle, at the bottom of which 
a pully 1s fixed, which muſt be turned by a wheel, by 
means of a cord and handle. At the top of the ſpindle. 
make a ſcrew, the ſame as a lathe ſpindle, whereon you 
may ſcrew chocks of different ſorts; which may be made 
in the following manner: 


Make 
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Make a hole in a piece of wood, juſt to fit tight upon 
the collar of the ſpindle, and turn it to one inch long, and 
one inch larger in diameter than the hole; place it on the 
collar at the chock end of the ſcrew, and lap a piece of 
paſteboard round the wood, ſo that it may ſtand an inch 
above the top of the ſcrew; then pour melted lead upon ĩt 
till the paper is full, and when cold, you may unſcrew it, 
and fix it in a lathe; ſcrew the chock on again, and turn 
it true on the end; take it off, and folder a piece of thick 
braſs upon it, with ſoft ſolder; afterwards turn the braſs 
to the concavity you intend it, as true as poſſible, with 
the turning tool, after which apply it upon the edge of a 
wheel of the ſame radius of a ſphere as the gage you turned 
it by; and by grinding it a little in the ſame manner as 
you grind concave glaſlcs, it will be ready for uſe, Next 
prepare the glaſs, by chipping it to the ſize you want it, 
and cement it on the end of a block of wood of the ſame 
diameter, and one, two, or three inches long, ſo as to hold 
it eaſily between your two fingers and thumb; make a 
concave gage of thin braſs, the ſame radius of a ſphere as 
the pan, and grind the edges of the glaſs upon a rough 
grinding-ſtone till it fits the gage ; then it is ready for its 
ſpherical figure, : 


The next thing neceſſary is to prepare the emery, which 
is done in the following manner: provide at leaſt fix 
earthen veſſels, that will hold two or three quarts each 
(take care they are quite clean when uſed); fill the firſt 
with water, and put one pound of fine emery in it, and ftir 
it well about with a ſtick; after which, let it ſtand about 
three ſeconds of time, and then pour it into another veſſel, 
which let ſtand ten ſeconds, then pour it off again into the 
ſeveral veſſels until the water is quite clear; and, by this 

means, 
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means, you will obtain emery of as many degrees of fine= 
nefs as you pleaſe ; which muſt be kept ſeparate from one 
another, and worked in their proper order, beginning at 
the firſt, and working off all the marks of the grinding- 
ſtone z then take off the ſecond and third, &c. holding the 
glaſs upon the pan with a light hand when it comes to be 
nearly fit for poliſhing, A little experience will make the 
practitioner quite perfect. 


The poliſhing is performed as follows: after the glaſs is 
brought, by grinding with emery, to a fine ſurface, grind 
ſome pumice- ſtone, by rubbing it with a little water upon 
a ſtone, and what rubs off muſt be uſed in the pan (this is 
called bottoming); work it off with this till it is almoſt 
poliſhed, which will eaſily be perceived; then tie a piece 
of linen rag about the pan, and, with putty moiſtened 
with water, continue the grinding motion, and in a little 
time there will be an excellent poliſh, 


What has been ſaid on grinding ſpeculums for reflectors; 
will be as eaſily adapted to the grinding of objeR glaſſes 
for refractors; for what is called the bruiſer there, will in 
this caſe be called a pan; and the convex tool will become 
the brui ſer. 


There have been contrived a number bf different coms 


poſitions for the metals of refleQing teleſcopes; among 
which; the W appear to be very good: 


t. Take of clean new copper twenty- four outices ; melt 
it in a crucible, ſkim off the ſcoria; let the fire abate 4 
little, and add ten ounces of the pureſt grain tin rolled 
up in brown paper: when the tin is melted, ftir it with a 


wooden 
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wooden ſpatula ; and having your moulds ready,. pour 
the metal into them. | | 


The regulation of the fire in making the above metals, 


ſhould be particularly attended to; for if a violent fire 


be uſed after the tin is added, the tin will evaporate, 
and the metal will be full of air-holes, which will pre- 
vent its acquiring a fine pohſh, Therefore, when the 
copper is in perfect fuſion and the ſcoria taken off, the 
fire ſhould be diminiſhed, the tin added, and no more 


heat ſhould afterwards be uſed than is ſufficient to melt 


the whole, ſo as to give the metal its proper form 
when poured off tato the mould, 


The Rev. Mr. Edwards has taken a great deal of 
pains to diſcover the beſt compoſition for the metals of 
refleQing teleſcopes, alſo to give them a fine poliſh and 
the true parabolic figure, 


Theſe teleſcopes have been tried by Dr, Maſceline, and 
found greatly to excel in brightneſs, and to equal, in 
other reſpects, thoſe made by. the beſt artiſts. They 
ſhew a white object perfectly white, and all objects of 
their proper colour; much different from the common 
wann teleſcopes. 


After having combined the following metals and ſe- 
mi- metals, ſuch as ſilver, platina, iron, copper, braſs, 
lead, tin, antimony, biſmuth, zinc, arſenic, &. he 
found, that 32 ounces of copper, with 15 or 16 ounces 
of grain tin (according to the. purity. of the copper) 
with the addition of one ounce of braſs, one of ſilver, and 
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one ounce of arſenic, will form a metal capable, 
when poliſhed in a proper manner, of reflecting more 
light than any other metal yet made public. » 


When it is ſaid that the proportion of tin is from 15 
or 16 to 32 ounces of copper, it ſhould be underſtood 
that the proportion of tin will not always be accurately 
the ſame, as copper will take more or leſs tin to per- 
fectly ſaturate it, according to its purity ; it might be 
of uſe previouſly to purify the copper as much as poſ- 
fible ; but a very little experience in theſe matters will 
enable any one exactly to know when the copper is 
completely ſaturated ; as the compoſition will, if broken, 
appear of a moſt beautiful bright, and glaſſy nature, 
very much reſembling the fine face of quickſilver. The 
method to aſcertain that point exactly, is to melt 32 
ounces of copper, and to add to it, when ſufficiently 
fuſed, 15 ounces of tin, and to pour the mixture into 
an ingot ; then to a certain known portion of this com- 
poſition add a very imall, but known portion of tin; 
and thus by a few trials one may eaſily obtain the point 
of complete ſaturation, and the maximum of perfection; 
having then aſcertained what portion of tin is added to 
the above known quantity of the compoſition, add the 
proportional quantity of tin to the whole, when melted 
a ſecond time. Thus, if I find I muſt add 1 quarter of 
an ounce to 1 pound of the compoſition, ſo as to obtain 
the utmoſt brilliancy,—then I know, that when I ſhall 
melt the remainder of the metal a ſecond time, in order 
to caſt the ſpeculum, I muſt add 1 ounce of grain tin to 
4 pounds of the compoſition made according to the pro- 
portion of 32 ounces of copper to 15 ounces of tin, 


The 
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The beſt method poſſible to make this compoſition to 
the greateſt advantage, is to melt the copper as fluid ag 
poſſible, and flux it with the black flux, which is made by 
mixing 2 parts of tariar with one of nitre; to melt the 
tin ina ſeparate crucible by itſelf ; to take the two cru- 
cibles out of the fire, and pour the melted tin into the 
fluid copper, and ſtir it inſtantly with a woodewſpatula, 
and pour the whole immediately into a large quantity 
of cold water, The ſudden chill from the cold water 
divides the melted maſs into an infinite number of ſmall 
particles, and by that means cools it inſtantaneouſly, and 
conſequently prevents the tin from calcining ſenſibly ; 
and hence it was always found, that in the ſecond melt- 
ing the compoſition was entirely free from pores, even 
though no arſenic had been employed ; yet the addi- 
tion of arſenic ever rendered it much more compact, and 
indeed ſpecifically heavier, as well as more brilliant and 
beautiful ; for the ſpecific gravity of the compoſition 
itſelf is 8.78; but with the addition of 1 ounce of arſe- 
nic to 1 pound of metal, it is 8.89. 

After having made the brilliant compoſition of copper 
and tin, melt the proportionable quantity of ſilver and 
braſs in a ſmall crucible by itſelf, When you put the 
compoſition a ſecond time into the crucible, add alſo the 
lump of braſs and filver melted before in a ſeparate cru- 
cible, and when the whole is fluid, add the proportion- 
able quantity of arſenic, and then pour it off into the 
flaſks after the ſcoria is taken off, and a little powdered 
roſin is thrown into it. In other words, it is better not 
to add the braſs to the copper in the firſt melting, as the 
heat of the copper calcines the Lapis Calaminarzs in the 
braſs, which renders the metal not ſo good as if the 
braſs and filver were melted together (as filyer melts 
with a leſs heat than braſs) and then added to the metal 
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in the ſecond melting. As copper requires a much 
greater heat to melt it than braſs, it gives too great a 
heat to the braſs when it is added to it, which by calcin- 
ing the lapis calaminaris in the braſs, will ſometimes 
cauſe the metal to be in a ſmall degree porous. By pur- 
ſuing the above method it will never be porous in the 
leaſt degree, We are not to imagine it porous becauſe 
it breaks up with the emery : it will always do ſo with 
the fineſt emery ; but theſe break-ups are taken out by 
the bed of hones, If the common blue hones are uſed, 
a little water muſt be applied at a time, to make them 
cut the metal.—Having faid ſo much relative to the 
compoſition of the metal, which is indeed a * ar- 
yg: we e will pais on to 


| The Manner of caſting this Metal. 


- THE ſand moſt proper for the purpoſe of caſting ſpe- 
culums, is the common Highgate ſand generally uſed by 
the London founders : it ſhould be as little wet as may 
be, and well beaten, but not too hard, The flaſks 
ſhould be at leaſt 2 inches wider than the metal intend- 
ed to be caſt; for if the ſand is not of a ſufficient thick- 
neſs, it will inſtantly become dry when the hot flyid 
metal is poured into it, and conſequently will contract, 
and of courſe the fluid metal will run out of the flaſks, 
A proper thickneſs of ſand will however prevent this ac- 
cident. The metal or pattern muſt be made of braſs or 
hard pewter, and muſt be a little thicker than the ſpecu- 
lum intended to be caſt from it, as the thing caſt is al- 
ways a little leſs than the pattern, owing to its contract- 
ing a ſmall degree in cooling. A wooden pattern will 
not quit the ſand near ſo well as one made of metal; 
3 wood will always n by the moiſture of the 

ſand, 
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ſand, and conſequently will give a falſe figure or form 
to the intended ſpeculum, and fo create more labour. 


As the compoſition here given for the ſpeculum is the 
hardeſt, and the moſt brittle of any metal yet known, ſo 
it is the moſt difficult to caſt : the common manner of 
caſting other ſpecula will not avail in the leaſt degree 
here; and it was a conſiderable time before a certain and 
infallible way to caſt them free from faults or flaws in 
che face downwards, was found out. 


The ingate ſhould be at the back of the metal, and at 
the very edge of it; its breadth, where it joins the metal, 
ſhould be at leaft half the diameter of the metal; and its 
thickneſs muſt be half the thickneſs of the metal at the 
edge; and the upper part of the git ſhould contain as 
much metal at leaſt, or even more, than the ſpeculum 
itſelf, | 


When the pattern with its ingate is taken out of the 
ſand, ten or a dozen ſmall holes ſhould be made through 
the ſand at the back of the mould, with a ſmall wire 
or common Kknitting-needle, to permit the air to eſ- 
cape as the metal is poured into the mould. It is found 
by experience that ſeveral ſmall holes are infinitely 
better for that purpoſe than one large hole, 
a 4 

When the metal is melted a ſecond time, which muſt 
be done with as ſmall a degree of heat as poſſible, and 
the proportionable quantity of crude arſenic in coarſe 
powder 1s added, ſtir it with a wooden ſpatula: when the 
fumes are gone off, take the metal off the fire, take a- 
way the droſs, and add half an 6unce or an ounce of 
powdered rofin, or equal parts of powdered rofin and 
nitre, in order to give the metal a good face; ſtir it well 
ö with 
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with a ſtick, and pour it immediately into the flaſks, 
When the git is filled up with the fluid metal, ſtrike the 
flaſks gently, ſo as to ſhake or jog the metal in them in 
1 ſmall degree; this will prevent any flaws in the face, 
from any air bubbles being lodged there, When the 
metal has remained in the flaſks for a few minutet, ſo as 
to become entirely ſolid, open the flaſks when the metal 
is red hot (it cannot crack in this ſtate, though it is ex- 
poſed to the air, as all metals are malleable when they 
are red hot) and take out the ſpeculum with a pair of 
tongs, laying hold of it by the git, but take care to keep 
the face downwards to prevent it from finking ; force 
out the ſand from the hole in the middle of the mirror 
with a piece of wood or iron, and place the ſpeculum in 
an iron pot with a large quantity of hot aſhes, or ſmall 
coals, ſo as to bury the ſpeculum in them a ſufficient 
depth; if the ſand is not forced out of the hole in the 
manner above directed, the metal by finking as it cools 
will embrace the ſand in the middle of the ſpeculum ſo 
tight, as to cauſe it to crack before it becomes entirely 
cold ; and it the metal is nottaken out of the ſand, and 
put in a pot with hot aſhes to anneal it, the moiſture 
from the ſand will always break the metal. Let the ſpe- 
culum remain in the aſhes till the whole is become en- 
tirely cold, The git may eaſily be taken off, by mark- 
ing it round with a common fire half-round file; and 
giving it then a gentle blow, the metal 1s then to be 
ground and figured, 


Of rough-grinding and figuring the Speculum. 


THE beſt method found to rough-grind the ſpeculum, 
is togrind the ſurface of it quite bright upon the com- 


mon grindſtone, made nearly to the figure or focus of 
the 
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the ſpeculum by a gauge. Take it then to a convex 
tool made of lead and tin, or elſe of pewter, and grind 
the metal upon it with fine emery ; which, however fine 
it may be, will break up the metal very much. This 
tool, or rough-grinder, ſhould be of an elliptical form, 
and not circular, and of ſuch dimenſions that the ſhorteſt 
diameter of the ellipſe ſhould be equal in breadth to the 
diameter of the mirror; and the longeſt diameter of the 
elliptical tool ſhould be to the ſhorteſt diameter in the 


proportion of 10 to 9 accurately, 


When the metal is brought to a true figure, it muſt 
be brought to a convex tool formed with ſome ſtones 
from a place called Edgdon, in Shrop/hire, ſituate be- 
tween Ludlow and Biſhops-Caftle ; theſe ſtones or hones 
are of a fine grain, and will eaſily cut the metal, and 
bring it to a fine face. The bed of hones ſhould be of 
a circular figure, and but very little larger than the 
metal intended to be figured upon it, viz, about two- 
tenths of an inch, but not more for a ſpeculum of, 4 or 
5 inches diameter, If the tool is made conſiderably 
larger than the metal, it will grind the metal perpet- 
ually into a larger ſphere, and by no means of a good 
figure; if the metal and tool are of the ſame ſize ex-; 
ally, the metal will work truly ſpherical ; but it is apt 
to ſhorten the focus leſs and leſs, unleſs the metal and 
tool are worked alternately upwards : it had better be 
made a little (about one-twentieth part) greater in dia- 
meter larger than the mirror; when it will not ſo much 
alter its focus, Too much water ſhould not be uſed at 
a time upon the hone pavement, or the figure will be 
very bad; which may eaſily be ſeen by the face of the 
metal appearing of different degrees of brightneſs in 


different parts of it, When the metal is brought to a 
very 
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very fine face and figure by the bed of hones, it is then 
ready to receive a poliſh ; but before we give dire&tions 
concerning the manner of poliſhipg it, a circumſtance 
or two, inadvertently paſſed over, muſt be mentioned. 
The metal muſt not be caſt too thick, or it will never 
take the parabolical figure intended to be given to it: 
the beſt proportion found for this purpoſe is a metal 
of 4 & inches diameter, and 18 inches focus; it ſhould 
be 4-tenths of an inch thick at the edge of it: the 
back of the mirror ſhould be convex to ſtrengthen it 
and to cauſe it to ſpring and adhere to the poliſher 
uniformly, its convexity ſhould be equal to its con - 
vity on the face, that the metals may be everywhere 
of an equal thickneſs. The handle ſhould be made of 
lead, of the ſame convexity. and concavity as the metal y 
its thickneſs about double that of the metal; and its 
diameter 3-fourths of that of the ſpeculum ; it ſhould 
have a hole in the middle, with a copper or iron ſcrew 
on it, ſo. as to put it together with the mirror, to which 
it is faſtened with pitch, on a collar lathe, in order to 
ſmooth and finiſh the edge of the metal, which may 
be done by holding a fine file to it, when in the lathe 
at firſt, and afterwards one of the above-mentioned 
Kones, TY 


| Of pen the Metal, and giving it the true portal 
Fi Zure. 


THE rough grinder of an elliptical form is now to be 
covered with common pitch. The pitch for this purpoſe is 
generally made by boiling tar in a ladle, over a ſlow fire, Be 
till it becomes of the conſiſtence required; for there is a 
great nicety in the degree of hardneſs of the pitch. The 
| harder 
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harder the pitch is, the better figure it will give to the 
metal, as it does not alter its figure in working, as ſoft 
pitch does; beſides, the metal will acquire a luſtre upon 
a poliſher moderately hard, ſo as to ſhew objects reflected 
from it as vivid and near their natural colour as poſſi- 
ble; but if the pitch is too ſoft, ſome of its fineſt parti- 
cles will always adhere to the face of the metal, and form 
a very fine and thin cnticle or covering upon its ſur- 
face. This circumſtance is rendered very evident by 
viewing any white object in the metal, when that fine 
cuticle or covering upon the ſurface of the ſpeculum will 
cauſe it to ſhew the object of a dingy brown colour, 
and not of itsg enuine whiteneſs, | 


Pitch may be eaſily made harder by adding to it a pro- 
per quantity of roſin. loften uſe equal quantities of pitch 
and rofin, ſo-as to make the mixture juſt ſo hard when 
cold as to receive an impreſſion from a moderate preſſure 
of my nail. A poliſher made with pitch and rofin has 
this advantage, viz, though it is hard, yet it is not ſo 
brittle as when pitch only 1s uſed, and made hard by 
boiling it; and conſequently not ſo liable to break or 
chip off at the edges, and thereby ſcratch the metal. 
Pour the melted pitch and rofin when pretty cool, upon 
the elliptical tool, made previouſly warm, ſo as to cover 
it everywhere when ſpread upon it with an iron ſpatula, 
about the thickneſs of a half-crown piece, If the co- 
vering 1s too thin, it will continually alter its figure, by 
the heat it acquires in working the metal upon it, and 
thereby give a bad figure alſo to the ſpeculum; whenitis 
ſomewhat cool lay a piece of writing paper upon the ſur- 
face of the pitch, and gently preſs the mirrour upon the 
paper; inſtantly pull the paper off from the pitch, after 
you have preſſed the mirrour upon it, elſe it might adhere 
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to the pitch, and you will find the poliſher will be neatly 
figured to the form of the ſpeculum. If it has not taken 
an exact figure everywhere, which would appear 
by the fine marks of the paper upon the pitch, gently 
warm the ſurface of the pitch, and repeat the operation 
as before, till you have formed it of the exact figure of 


the met al. 


With a penknife now take away all the ſuperfluous 


pitch from the edge of the poliſher ; and with a conve- 


nient piece of wood form the hole in the middle accu- 
rately round, In other words, let the pitchy ſurface be 
everywhere of the exact ſize and ſhape as the lead tool 


which is under it. 


It may be neceſſary to mention that the hole in the 
middle of the poliſher ſhould go quite through the tool, 
and ſhould be made of the ſame ſize, or ſomewhat leſs 
than the hole in the middle of the ſpeculum. This is a 
neceſſary caution; and indeed it has always been found 
that ſmall mirrours without any hole in the middle wil 
poliſh much better, and the figure will be more correct, 
if the poliſher has a hole in the middle of it. The pow- 
der to which the preference is given, to give a moſt ex- 
quiſite luſtre, iscolcothar of vitriol,and not putty. Putty 
gives metals a white luſtre, or, as the workmen call it, a 

filver hue ; but good colcothar of vitriol will poliſh with 
a very fine and high black luftre, ſo as to give the metal 
poliſhed with it the complexion of poliſhed ſteel. To 
know if the colcothar is good, put ſome of it in your 
mouth, and if you find it diſſolved away, it is good; but 
if you find it hard, and cranch between your teeth, it is 
bad; good colcothar of vitriol is of a deep red or deep 


purple colour, and is ſoft and oily when rubbed between 
| the 
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the fingers: had colcothar is of a light red colour, and 
feels harſh and gritty, The colcothar of vitriol ſhould 
be levigated between two ſurfaces of poliſhed ſteel, and 
wrought with a little water; when it is worked dry, you 
may add a little more water to carry it down to what 
degree you pleaſe, When the colcothar has been wrought 
dry 3 or 4 times, it will acquire a black colour; and will 


be low enough, or ſufficiently fine, to give an exquiſite 


luſtre : this levigated colcothar of vitriol put in a ſmall 
phial, and pour ſome water upon it, and afterwards uſe 
it for poliſhing the metals inthe ſame mannerthat waſhed 


putty is directed to be made uſe of for that purpoſe in 


the former part of this Treatiſe, Put on a large quantity 
of waſhed colcothar of vitriol at once, ſo as to ſaturate 
the pitch, and form a fine coating of the colcothar, and 


vou will very rarely need to make uſe of a ſecond appli- 


cation. If a ſecond or third application of colcothar 
ſhould be found neceſſary to bring the metal to a fine 
luſtre or to take out any ſcratches upon its face, ufe it 
very ſparingly, or you will deſtroy the poliſh alrcady at- 
tained. When the metal is nearly poliſhed, it will al- 
ways generate ſome. black mud upon the ſurface of the 
mirror, and alſo upon the tool. Wipe it now away from 
the face of the metal with ſome very foft waſh leather; 


though if too much of the mud be taken away, it will 


not poliſh ſo well. Indeed a little experience in theſe 
matters will better ſuffice than a yolume written 8 
the ſubjeQ, 


In regard to the parabolic figure to be given to the 
metal, no particular caution is required in the poliſhing z; 


the elliptic tool will always cauſe the ſpeculum to work 
into an accurate parabolic figure, ſuppoſing the tranſ- 
verſe and conjugate diameters bear the true proportion 
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to each other, and the metal is not too thick to prevent 
it always from adhering firmly and uniformly to the pos 
liſher. Should the pitch prove too ſoft, it will give way, 
and alter the figure a little. This circumſtance will ren» 
der the figure of the mirror ſometimes a ſmall degree 
ſhort of the parabola, and ſometimes a very little beyond 
it; but by a little perſeverance the correct figure 1s eaſily 
acquired, | 


To convince any one of the certainty of my aſſertion, 
let him poliſh a metal 2 inches diameter, and 9 inches 
focus upon an elliptical tool whoſe diameters are 23 and 
3 inches, and I can aſſert he will always find the metal 
when poliſhed (if it is not too thick) beyond the parabo- 
la, or it will prove hyperbolical, If he poliſhes it upon a 
circular tool in the common way with croſs ſtrokes in 
every direction poſſible, uſing firſt a few round ftrokes, 
every time he changes his poſition he will find it always 
prove ſpherical, and conſequently ſhort of the parabola, 
A very little experience in theſe matters will convince 
any one of the eaſe and certainty of givingthe great ſpe · 
culum a parabolic figure by poliſhing it in a common 
manner with croſs ſtrokes in every direction poſlible, 
upon an elliptical tool of the proper dimenſions, in which 
(for common foci and apertures, viz, 24 to 94 focus, or 
3-8 inches diameter to 18 inches focus) the diameters 
ſhould be 10 to 9. The ſhorteſt diameter of the ellipſe 
being exactly the ſame as the diameter of the metal, and 
the longeſt diameter of the ellipſe to the ſhorteſt diame- 
ter, as 10 to 9. 


Magneti/ne 
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Magnetiſm, 


Though the phenomena of the magnet have, for many 
ages, engaged the attention of natural philoſophers, not 
only by their fingularity and importance, but allo by 
the obſcurity in which they are involved; yet very few 
additions have been made to the diſcoverics of the firſt 
enquirers upon the ſubject. The powers of genius 
which have been itherto employed in proſecuting this 
ſubje&, have not been able to frame an hypotheſis that 
will account in an eaſy and ſatisfactory manner for all 
the various properties of the magnet, or point out the 
links of the chain which connect it with the other phæ- 
nomena of the univerſe, though it is certain that botk 
natural and artificial electricity will give polarity to 
needles, and even reverſe; ' from whence it would ap- 
pear that there is a conſiderable affinity between the 
electric and magnetic fluid; but how it acts when pro- 
ducting magnetiſm, is entirely unknown. 


It is known by the works of Plate and Ari lol, that 
the ancients were acquainted with the attractive and re- 
pulſive powers of the magnet; but it does not appear 
that they knew of its pointing to the pole, or the uſe of 
the compaſs. As they were not acquainted with the true 
method of philoſophiſing, and contented themſelves with 
obſervation alone, their knowledge of nature was con- 
fined within very narrow limits, and did not afford any 
conſiderable advantage to ſociety. Modern philoſophers, 
by combiningexperiment with obſervation, ſoon extend- 
ed the boundaries of ſcience, and diſcovered the polarity 

of 
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of the loadſtone; a property which in a manner conſti- 
tutes the baſis of navigation, and gives being to com- 
merce. 


The loadſtone, leading ſtone, or natural magnet, i is an 
Iron ore, of all forms and ſizes, and of various colours, 
It is endowed with the property of attracting iron; and 
of both pointing itſelf, and alſo enabling a needle, touch- 
ed upon it, and duly poiſed, to point towards the poles 
of the world, 


7 wo Methods of communicating the Powers or Properties of 
the Magnet to Iron and Steel. 


10 give a detail of the various proceſſes which have 
been ſuggeſted, for the touching or communicating the 
properties of the magnet to iron or ſteel, would alone fill 
2 volume; I ſhall therefore only give an account of two 
general and good methods, which I preſume will be 
found adequate to every common purpoſe, 


1. Place two magnet bars A B (Plate IV. Fig. 6.) 
in a line with the north, or marked end of one, oppoſed 
to the ſouth, or unmarked end of the other, but at ſuch 
a diſtance from each other, that the magnet to be touched 
may reſt with its marked end on the unmarked end of A, 
and its unmarked end on the marked end of B; then ap- 
ply the north end of the magnet D, and the ſouth end 
of E to the middle of the bar C, the oppoſite ends being 
elevated as in the figure; draw D and E aſunder along 
the bar C, one towards A, the other towards B, preſerv- 
ing the ſame elevation; remove D and C a foot or two 
from the bar when they are off the ends, then bring the 
north and louth Poles of theſe magnets together, and 


apply 
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apply them again to the middle of the bar C as before; 
repeat the ſame proceſs five or ſix times, then turn the 


bar, and touch the oppoſite ſurface in the ſame manner, 
and afterwards the. two remaining ſurfaces ; and by this 
means the bar will acquire a ſtrong fixed magnetiſm; 


2, Place the two bars which are to be touched parallel 
to each other, and then unite the ends by two pieces of 
ſoft iron called ſupporters, in order to preſerve, during 
the operation, the circulation of the magnetic matter; the 
bars are to be placed fo that the marked end D (Fig. 
7.) may be oppoſite the unmarked end B; then place the 


two attracting poles G and I on the middle of one of the 


bars to be touched, raifing the ends ſo that the hars may 
form an obtuſe angle of 100 or 120 degrees; the ends 
G and I of the bars are to be ſeparated two or three 
tenths of an inch from each other, Keeping the bars 
in this poſition, move them ſlowly over the bar A B, 
from one end to the other, going from end to end about 
. fifteen times. Having done this, change the poles of the 
bars; i, e. the marked end of one is always to be againſt 
the unmarked end of the other, atlgepeat the ſame oper- 
ation on the bar C D, and then 0h the oppoſite faces of 
the bars; the touch thus communicated may be farther 
increaſed, by rubbing the different faces of the bars with 
ſets of magnetic bars, diſpoſed as in Fig, 8. | 


It ſeems that, in order to render ſteel magnetical, we 
muſt ſo diſpoſe the pores, that they may form contigu- 
ous tubes parallel to each other, capable of receiving the 
magnetic fluid, and then propagating and perpetuating 
its motion, ſo that the magnetic ſtream may enter with 


ceaſe, and be made to circulate through it with the great- 
| eſt 


— 
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eſt force: to this end it is neceſſary to be particularly 
attentive in the choice of the ſteel which is to be touch- 
ed; the grain ſhould be equal, ſmall, homogeneous, and 
without knots, that it may preſenta number of equal and 
uninterrupted channels to the fluid from one end to the 
ather : this is the more immediately important in the 


choice of the fieel for the needles of ſea eompaſſes, for if 


the ſteel is impure, or the mode of touching improper, 
the necdle may have different poles communicated to it, 
which will more or leſs impede the action of the princt. 
pal needle according to their ſtrength and fituation, 


The ſteel ſhould be well tempered, that the pores may 
preſerve a long time the diſpoſition they have received, 


and better reſiſt thoſe changes in their direction to which 


iron and ſoft ſteel are liable, The difference in the na- 
ture of ſteel is exceeding great, and is eaſily proved by 
touching in the ſame manner, and with the ſame bars, 
two pieces of ſteel of equal ſize, but of a different kind. 


Steel that is hardened receives a more perfect magne- 
tiſm than ſoft ſtecl, though 11 does not appear that they 
differ from each other in any thing but the arrange- 
ment of the parts; perhaps the ſoft ſteel contains the 
phlogiſton in its largeſt pores, while hardened ſteel con- 
tains it in the ſmaller. Iron, or ſteel, have very little 
air incorporated in their pores; when they are ſepa- 
rated from the ore, they are expoſed to a moſt intenſe 
degree of heat; and moſt of the changes to which they 
are, afterwards ſubmitted, are effected in a, red hot 
ſtate, A piece of ſpring-tempered ſteel will not retain 
as much magnetiſm as hard ſteel, ſoft ſteel Kill leſs, 
and iron ſcarce retains any. From ſome experiments of 


Mr. 
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Mr. Muſchenbroek, it appears, that when iron is united - 
with an acid, it will not become magnetical ; but if the 
acid is ſeparated, and the phlogiſton reſtored, it will be- 
come as magnetical as ever. 


The dimenſions and ſhape of a magnet will make a 
difference in its force, therefore the bars to be touched 
ſhould neither be too long nor too ſhort, but in propor- 
tion to the thickneſs : if they are too long, the paſſage 
of the magnetic matter coming out of one pole, and 
proceeding round the magnet to enter the other, will be 
impeded, and its velocity leſſened. If they are too ſhort, 
the fluid which comes out from one pole, will be re- 
pelled and thrown back by the other acting parts of the 
magnet, and thus be carried too far from the pole into 
which it ought to enter, and prevent the continued cir- 
culation of the magnetic matter. If they are too thin» 
then the number of pores are too few to receive a ſtream 
ſufficiently ſtrong to reſiſt the obſtacles in the external 
ſpace, while, if too thick, the ſtraight and regular di- 
rection of the channel is injured by the difficulty which 
takes place in the arrangement of the interior channels, 
as the magnetic matter has not ſufficient force to pene- 
trate the ſteel to any conſiderable depth, and thus in- 
Jures the circulation of the fluid. 


All the pieces ſhould be well poliſhed: it is of the 
greateſt importance that the ends ſhould be flat and true, 
ſo as to touch, in as many points as poſſible, the ends of 
ſoft iron, which keep up the circulation. Inequalities 
on the faces, but principally near the poles, are to be 
avoided, as theſe occaſion irregularities in the circula- 
tion, and thus diminiſh its velocity ; which is one of 


the principal ſources of magnetic power. 
No. XIX. 'T While 
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While the bars are touching, the ends of ſoft iron 
ſhould be kept in conſtant contact with the bars; for a 
momentary ſeparation is ſufficient to deſtroy the effet 
of the operation, as the fluid will be inſtantly diſperſed 
in the air, | 


The operator ought not to ſtop longer on the firſt bar 


than is neceſſary to open the pores, and to arrange 


them magnetically, paſſing immediately to the other, 
to form an opening for the fluid which iſſues from the 
firſt. 


It is moſt adyantageous to turn the bar that is quit- 
ted, while the touching magnets are placed on the 
other : by this means the ſtream that is to be excited 
will diſpoſe the channels of the firſt, and thus render 
the operation more efficacious; beſides, by only turn» 
ing one bar at a time, the touching-bars need neyer be 
totally removed during the whole operation: a circum- 
ſtance which will contribute to the ſtrength of the 
magnet, 


The touching-bars ſhould never be ſeparated but at 
the equator of the magnet; and their motion over the 
others ſhould be ſlow and regular. 


The magnetic powers of touching needles has been 
Increaſed by leaving them for ſome time in linſeed oil. 


It may contribute to the effects of the operation, if 
the bars A and B, fig. 6, are placed in the direction of 
the magnetic meridian, and are inclined to the horizon 
in an angle equal to the dip of the needle. 


The fixed power, thus commiunicated to a magnet, is 
impaired if it is laid amongſt iron, or by ruſt, It may be 
| injured 
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injured alſo by fire, as each of theſe circumſtances will 
change, or confuſe the direction of the magnetic ſtream, 


Place a ſmall magnetic needle on the point of one of 
the ſmall ſtands, and put it between two magnetic bars, 
ſo that the north end of the bar may be near the ſouth 
end of the needle; the ſmall needle will, without any 
apparent cauſe, be thrown into a violent vibratory mo- 
tion, and ſeem as it were animated, till it is ſaturated 
with magnetiſm ; when it will become quieſcent, The 
vibratory motion is probably occaſioned by the irregu- 
larity of the impreſſions it receives from the magnetic 
fluid, and the difficulty that fluids find in entering the 
needle, 


All cauſes that are capable of making the. magnetic 
fluid move in a ſtream, will produce magnetiſm in thoſe 
bodies which are properly qualified to receiye it, 


If bars of iron are heated, and then cooled equally, in 
various direCtions, as parallel, perpendicular, or inclined 
to the dipping needle, the polarity will be fixed accord- 
ing to their poſition, ſtrongeſt when they are parallel tq 
the dipping-needle, and ſo leſs by degrees, till they are 
perpendicular to it, when they will have no fixed polar- 
ity; but if, upon cooling a bar of iron in water, the 
under end is conſiderably hotter than the upper, and the 
upper end is cooled firſt, it will ſometimes become the 
north pole, but not always, If iron or ſteel undergo a 
violent attraction in any one particular part, they will 
acquire a polarity : if the iron is ſoft, the magnetiſm 
remains very little longer than while the heat conti- 
nues. Lightning is the ſtrongeſt power yet known in 
producing a ſtream of magnetiſm : it will in an inſtant 
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render hardened ſteel ſtrongly magnetical, and invert 
the poles of a magnetic needle, 


'To make a magnetical bar with ſeveral poles, place 
magnets at thoſe parts where the poles are intended to 
be, the poles to be of a contrary name to thoſe required ; 
and if a ſouth, pole is fixed on one part, the two next 
places muſt have north poles ſet againſt them: conſider 
each piece between the ſupporters as a ſeparate magnet, 
and touch it accordingly. | 


To produce Fire from Two Cold Liquors. 


MIX together 2 drachms of oil of cloves, and 24 
drachms of the ſpirit of nitre, made with oil of vitriol. 
Let the mixture be made by pouring the acid at once 
upon the eſſential oil, and they inſtantly take fire. 


This is an experiment very ſurprizing, and very of- 
ten ſpoken of; but ſometimes attempted without ſuc- 
ceſs. He who buys his ingredients at the next che- 
miſt's, may eaſily be diſappointed ; for one of them may 
be adulterated, and the other made by a wrong pro- 
ceſs. Though the ſpirit of nitre made with the oil of 
vitriol, will take this effect, neither oil of vitriol itſelf, 
nor ſpirit of nitre, made in the old way, will do it: nay, 
the very ſpirit made with the vitriolic acid, is, for cer- 
tain reaſons, ſometimes diſtilled from ſuch proportions, 
that it will not anſwer. The proceſs is eaſy ; and he 
who would perform the experiment to his ſatisfaction, 
would do well to draw the acid off himſelf, in a parti- 

cular 
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cular-proportion. If it be made according to the follow- 
ing directions, it will never fail. 


Let a quantity of purified nitre remain ſometime in a 
warm place, that it may be perfectly dried; pound it to 
a groſs powder, and put it in the ſame place again, to be 
dried more perfectly; then put into a glaſs retort a 
pound and one ounce of this falt, and a pound and two 
ounces of good oil of vitriol; lute on a receiver, and 
ſet the retort in a ſand- furnace; make but a gentle 
fire, and raiſe it only gradually; never let it be higher 
than is juſt ſufficient for driving over the ſpirit. The 
diſtillation being finiſhed, keep this ſpirit 3 
N N 


This will never fail of firing the oil of cloves; nor is 

that expenſive oil neceflary for the experiment ; for it 
will, when thus made, fire almoſt any of the vegetable 
or animal oils. | 


To make Alum Phoſhhorus, 


REDUCE. to a fine powder half a pound of common 
alum ; mix it with two ounces of dry wheat-flour , 
grind theſe together, and put the powder into an iron- 
diſh or ladle, ſet it over the fire, and it will melt. 
Keep ſtirring it about till it concrete into a diy maſs 
again; then reduce it a ſecond time to powder; put 
this into a ladle, and burn it again till it be of a dark 
brown colour, nearly black. Remove this from the 
fire, and put the powder into a tall phial : ſet this upon 
a little ſand in a crucible, and pour ſand about it; then 
ſet it on a naked fire, and make the bottom of the cru- 
Cible red hot: keep the fire at this degree for twenty 
minutes, After this, ſtop the phial with a cork, and 

then 
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then remove the crucible from the fire. Let all cool; 
then take the phial out of the ſand, and put it up in a 
dark place. This is the alum phoſphorus; or, as ſome 
call it, the black phoſphorus. At any time, if a little of 
this powder be poured out of the bottle, it takes fire of 
itſelf, and burns away to a coal or cinder, The beſt 
method of ſhewing its effect, is by pouring it out upon 
a piece of coarle paper, which has been _ up in a 
damp place. 


The Phioſulorus of Urine, 


THIS is the moſt conſiderable of all the bodies that 
have been called Phoſphori; and it is the moſt trouble- 
ſome to be made. Many proceſſes have been given for 
it ; but many who have tried them after the authors, 
have failed of ſucceſs. Whether this has been owing to 
their fault, or that of thoſe who have laid down the 
inſtructions, is not eaſy to ſay ; however, the following 
is leſs difficult than many, It is very nearly that by 
which Boerhaave made it; and is very exactly the pro- 


ceſs by which I have aſſiſted in making it. 


Boil about twelve or fourteen gallons of freſh urine 
ina very large veſſel, and with great care, that it do 
not boil over, till it be reduced to a ſmall quantity, and 
have the conſiſtence of honey; take this out of the veſ- 
ſel in which it was boiled, and ſet it in a glaſs in a warm 


room: *let it ſtand a long time, for it is neceſſary it 


ſhould putrefy; and this does not come on ſuddenly, 
When it has been thoroughly putrefied, put it into an 
iron pot, ſuch as is uſed for diſtilling ſpirit of hartſhorn 
in large quantities, and lute on an alembic head of 

earthen 
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earthen ware, ſuch as are made for thoſe pots. Lute on 
the head very firmly; and fix to the noſe a long pipe; 
admit this into a large receiver. When all is thus 
ready, make a fire under the pot, and raiſe it by de- 
grees to a great height: an alkaline ſalt is ſublimed, 
and afterwards a yellow oil comes over ; the fire is 
then to be increaſed, ſo as to keep the bottom of the 
pot red hot for ſome time; a thicker oil and a ſecond 
ſalt will come over: theſe, if there be uſe for them, 
may be preſerved: the remainder is now prepared for 


making the phoſphorus. 


Let the pot cool, and take out the reſiduum: throw 
it into a mortar a little heated, and beat it to a coarſe 
powder; have ready ſome powdered charcoal; mix 
with this powdered maſs twice its weight of the pow- 
dered charcoal ; grind them a little together, and then 
put the mixture, divided into three or four portions, 
into ſo many little glaſs retorts; cover theſe with coat 
of Windſor loam, carefully laid on, to the thickneſs of 
one-ſixth of an inch. Place theſe in a reverberatory 
furnace, and fit on large receivers filled with water, to 
ſuch a height, that the necks of the retorts may be bu- 
ried.an inch and half under the water, Make the fire 
gradual, but raiſe it at the laſt to the moſt extreme de- 
gree. Continue it in this unremitted violence; and 


after twelve or fourteen hours a blueiſh looking matter 


will fall from the necks of the retorts in ſmall quanti- 
ties, and ſink to the bottom of the receivers. This is 
the phoſphorus, The fire is to be continued as long as 
any of it can be forced over; and then the veſſels are to 
be removed and unluted, 


The 
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The phoſphorus now remains in the bottom of the 
receivers in looſe fragments, and it is to be collected to · 


gether without taking it out of the water. To this 


purpoſe a ſmall veſſel is to be put into each receiver, 
and the quantity of phoſphorus it contains to be got 


together, and taken out covered with water in this 


ſmaller veſſe]. This veſſel is to be ſet in a ſand-heat, 
and, by degrees, the phoſphorus will melt as the wa- 
ter continues boiling. When it is thus reduced to a 
maſs, it is to be put into a proper veſſel, and kept al - 
ways under water, except when- it is taken out to be 
uſed, The method here laid down, ap tedious, is 
not difficult. 


Phoſhhorus of Lime, 


REDUCE to powder ſix ounces of crude ſal ammo- 
niac, and mix it with thirteen ounces of lime that has 
been flaked by the air, or has lain in the air till it has. 
fallen to powder. Mix theſe very well together, and 
put them into a crucible big enough to hold twice the 
quantity. Melt them together in a ſtrong fire, and as 
the matter ſwells and riſes up, ſtir it about with a ſpa- 
tula: when it runs perfeQly in every part, remove it 
from the fire, and pour it out into the bottom of a mor- 

ar; let it cool, and preſerve it in a wide · mouthed glaſs 
well ſtopped. 


At any time when a piece of this is ſtruck upon with 


a hammer, it takes fire, and burns as it breaks under 
the blow. 
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f Of Objefts for M icroſeopes. 
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THE works of nature are the only ſourges of true 
knowledge, and the ſtudy of them the,moſt noble em- 
ploy ment for the mind of man: every part of the cxea- 
tion demands his attention, and proclaims the power 
and wiſdom of its Almighty Author, The ſmalleſt 
ſeed, the minuteſt ĩnſect, ſhews the {kill of Providence in 
the aptneſs of its contrivance for the purpoſes it is to 
ſerve, and diſplays-an elegance * beauty beyond the 
utmoſt freteh of art, 


The wiſe in all ages have been ſenſible of this truth; 
and, as far as they were able, bave ſtudied and acute 
into the receſſes of nature; but for want of proper helps 
have frequently been miſtaken, As certain principles 
muſt firſt be learned ere we can become maſters of any 
ſcience, ſo in the ſchool of nature, we muſt begin with 
the minutie, the ſmalleſt and moſt uncompounded parts, 
ere we can underſtand the larger and more conſiderable, 


The anticnts, hen oo their 3 eyes to truſt 
to, were incapable of any great diſcoyeries of this ſort + 
but we are ſo happy, that by the help of glaſſes, we can 
diſtinguiſh and examine ohjects many thouſands of times 
| leſs than what the ſharpeſt eye unaffiſted can diſcern. 
In ſhort, microſcopes: furniſh us, as it were, with. a new. 
ſenſe, unfold the amazing operations of nature, and pre- 

ſent us yith 1 wonders unthoughs of in former ages. 
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Who, a thouſand years ago, wonld have imagined it 
poſſible to diſtinguiſh myriads of living creatures in a 
ſingle drop of water? Or, that the purple tide of life, 
and even the globules of the blood, ſhould be ſeen diſ- 
tinctly rolling through veins and arteries ſmaller than 
the fineſt hair? That thouſands of animalcules ſhould 
be diſcovered in the ſemen maſculinum of all creatures? 
That not only the exterior form, but even the internal 
ſtructure of the bowels, and the motion of the fluids, 
in a grat or louſe, ſhould be rendered objects of ſight ? 
Or that numberleſs ſpecies of creatures ſhould be made 


viſible, though ſo minute, that ſome thouſands of them 
are leſs than a grain of ſand? 


Theſe are noble diſcoveries that enlarge the capacity 
of the human ſoul, and furniſh a more juſt and ſublime 
idea than mankind had before, of the grandeur and 
magnificence of nature ; and the infinite power, wiſdom, 
and goodneſs of the Divine Being. 


He muſt certainly be delighted with the works of na- 
ture who makes them his ſtudy ; ſince every animal, 
flower, fruit, or inſect, nay, almoſt every particle of 
matter, affords him entertainment, Such a man can 
never feel his time hang heavy on his hands, or be 
weary of himſelf, for want of knowing how to employ 
his thoughts: each garden or field are to him a cabinet 
of curioſities, every one of Which he longs to examine 
fully; and he conſiders the whole univerſe as a maga- 
zine of wonders, which infinite ages are Icarce ſufficient 
to contemplate and admire enough.” Tndeed, when we 
compare the ſtructure of à mite with that” of an' ele- 
phant, the largeneſs and firength of the one may ſtrike us 
with wonder and terror; but we ſhall * nnen 
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quite Joſt in amazement, if we attentively examine the 
ſeveral minute parts of the other. For the mite has 
more limbs than the elephant, each of which is'futniſh£ 
ed with veins and arteries; nerves, muſcles, tendons, and 
bones: it has eyes, a mouth, and a proboſcis too (as 
well as the elephant) to take in its food; it has a ſto- 
mach to digeſt it, and inteſtines to carry off what is not 
retained for nouriſhment: it has an heart to propel the 
circulation of its blood, a train to ſupply nerves every- 


| where, and parts of generation, as perfect as the largeſt - 


animal. Let us now ſtop, look back, and conſider, as 
far as our abilities can reach, the exceſſive minuteneſs 
of all theſe parts; and if we find them ſo ſurpriſing and 
beyond our ideas, what ſhall we ſay of thoſe many ſpe- 
cies of animalcules, to whom a mite Itſelf 1 is in ſize, as it 
m an elephant. 


All theſe and numberleſs wonders more the micro- 
ſcope can exhibit to us. I have deſcribed this noble in- 
vention in the Imroduction to uſe ful"Rnowledgg, and ſhall 


no point out ſome objects for the curious to examine 


by it. 


iſt The flver-treezl in the preparing of which obſerve 
the following directions: Diſſolve a little ſilver in a 
ſmall quantity of aquafortis; when this is done, add 
twice the quantity of common water to it, and the pre- 
paration will be made, When, you apply it to the mi- 
croſcope, drop a little upon a plain glaſs, and put there- 
in a ſhort piece of ſmall bra(s-wire, and immediately 


trees will appear growing; which may be obſerved till 
it has ſpread as far as the liquid extended, 


2d, The cryſtallization of ſalts are curious objects, 
and prepared in the following manner: — Diſſolve a 
ü little 
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little ſal-ammoyiac in common water, place it upon the 
glaſs as above. directed; and while you are viewing it, 
hold a hot iron near the glaſs, in order to make it more 
expeditious in evaporating; which, as ſoon as it takes 
place, imitates the branches of trees, and diſplays ſuch 
besuty, as will fill every beholder with wondet and ad- 
miration. N. B. Every different kind of fal forins 0 a 
| different figure, | | 


2d, A variety of other c curious s collections will be found 
highly entertaining, viz. 1. The fly. 2. Louſe, 3. Mites 
in cheeſe, 4. Scales of fiſhes. 5. Eels, ſerpents, or little 
worm-like animalcules found in vinegar and paſte, 6. 
Animalcules in ſeveral infuſions, 7. Feathers, 8. Hair. 
9. Wings of flies. 10. Flies which infeſt fruit and other 
trees. 11, Sting of a bee, 12. The human ſkin. 1 3. 
Tranſverſe cuttings of wood. 14. The beard of a wild 
oat. 15. Mouldineſs. 16. Small ſeeds, &c, 


This ſmall claſs * objects 10 but. trifling in compari, 
fon of the*inexhauſted ſtore which abounds, in every 
part of the creation; and there is not a particle of mat- 
ter but-what affords amuſement for the microſcope, : 


THE END. 


